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FOREWORD 


The  reports  contained  in  this  document  were  prepared  jointly  by  Conoco 
Coal  Development  Company  and  Steams-Roger,  Incorporated,  as  partial 
fulfillment  of  the  Department  of  Energy  contract  (EX-76-C-01-1734)  for 
the  development  of  CO  Acceptor  Gasification  Process.   Each  report 
normally  covers  the  operation  of  the  CO  Acceptor  Process  Pilot  Plant 
for  a  single  run.   Some  runs,  however,  have  several  parts  (A,  B,  C, 
etc.)  and  occasionally  two  or  more  runs  have  been  grouped  together  in  a 
single  report. 

The  reports  are  informal  data  reports  which  were  written  shortly  after 
the  completion  of  the  respective  runs.  The  reports  serve  the  purpose  of 
recording  the  objectives,  accomplishments,  and  problems  encountered 
during  the  pilot  plant  operations.  Operating  data  are  also  often  pre- 
sented. However,  these  data  are,  for  the  most  part,  presented  as  a 
matter  of  record  since  the  inclusion  of  heat  and  material  balances  and 
the  analysis  of  the  data  was  not  part  of  the  scope  of  the  run  reports. 

Prior  to  Run  16,  no  periods  of  truly  steady-state  integrated  plant 
operation  were  obtained  for  which  heat  and  material  balances  can  be  cal- 
culated. The  development  of  a  reliable,  standardized  startup  procedure, 
the  solving  of  process  and  especially  mechanical  equipment  problems, 
were  the  primary  concerns  during  these  early  runs. 

Much  needed  process  data  at  steady-state  conditions  were  gathered  during 
the  later  runs.  Detailed  heat  and  material  balances  for  selected  runs 
are  presented  in  Volume  12  of  the  Final  Report.  Some  discrepancies  will 
be  found  between  the  data  presented  in  the  run  reports  and  the  heat  and 
material  balance  results.  For  example,  the  acceptor  circulation  and 
gasifier  vent  rate  presented  in  many  of  the  run  reports  do  not  agree 
with  the  heat  and  material  balance  values. 

The  run  report  acceptor  circulation  rates  are  based  upon  the  acceptor 
lift  line  pressure  drop  and  are  considered  to  be  only  an  approximation 
of  the  actual  acceptor  circulation  rate.  The  pressure  drop  derived  cir- 
culation rate  served  as  a  guide  to  the  plant  operators  and  provided 
trend  information.   Because  of  the  severe  temperature  and  pressure 
conditions  in  the  process,  the  acceptor  circulation  and  also  the  fuel 
char  rates  cannot  be  directly  measured.  These  rates  can  only  be  ac- 
curately determined  via  detailed  heat  and  material  balance  calculations. 
A  mathematical  model  of  the  process,  which  is  embodied  in  the  form  of  a 
computer  program  was  therefore  developed.  The  model  values  for  the 
acceptor  circulation  and  the  fuel  char  rates  are  presented  in  the  de- 
tailed heat  and  material  balances.  These  rates  are  considered  to  be 
correct. 
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I     ^  The  measured  gasifier  vent  rates  (product  gas  rates)  contained  in  the 

run  reports  are  generally  lower,  and  often  much  lower,  than  the  mathe- 
matical model  values.  There  are  several  reasons  for  this.   First,  pro- 
cess flow  measuring  instrumentation  was  often  fouled  by  the  small  amounts 
of  char  fines  and  liquid  water  contained  in  the  vent  gases.  Secondly, 
undetected  process  leaks  from  valve  packings  and  from  vessel  and  piping 
flanges  represent  sizable  losses  in  the  available  vent  gas  quantity  to 
be  measured.  The  actual  vent  gas  from  the  gasifier  is  better  repre- 
sented by  the  mathematical  model  value  than  by  the  measured  value. 

The  above  examples  point  out  that  consideration  must  be  given  and  judge- 
ments made  concerning  the  use  of  certain  process  data.  The  philosophy 
with  respect  to  data  analysis,  has  been  to  use  the  mathematical  model  to 
match  as  much  as  possible  the  measured  process  data.  Differences  be- 
tween the  model  results  and  the  measured  data  are  resolved  by  the  re- 
examination of  instrument  records  and  the  pilot  plant  logs  or  by  mod- 
ifying the  model  where  necessary. 
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CO  ACCEPTOR  PROCESS  GASIFICATION 

PILOT  PLANT 

RAPID  CITY,  SOUTH  DAKOTA 


SUMMARY 


This  report  covers  the  gasification  pilot  plant  operation  for 
Runs  19  (June  5-July  19,  1974);  20  (August  2-August  18,  1974);  and  21 
(August  30-Septeinber  15,  1974).   These  runs  demonstrated  for  the  first 
time  that  lignite  coal  could  be  used  as  a  pilot  plant  feedstock.  For 
Runs  19,  20,  and  21,  the  total  times  logged  during  which  Velva  lignite 
was  continuously  fed  to  the  gasifier  were  150,  75,  and  244  hours  re- 
spectively. While  feeding  lignite,  there  was  never  any  evidence  that 
condensable  organic  materials  survived  the  gasifier  conditions.  Even 
for  periods  during  Run  21  when  the  gasifier  char  bed  temperature  dropped 
to  1460°F,  no  oils  and  tars  were  detected  in  the  gasifier  quench  system 
or  in  any  downstream  equipment. 

The  system  was  also  operated  for  significant  periods  using  only 
the  circulating  active  acceptor  to  supply  the  heat  duty  for  the  gasi- 
fication reactions.  These  periods  without  air  to  the  gasifier  were  9, 
38,  and  171  hours  for  Runs  19,  20,  21  respectively. 

A  now  standard  startup  procedure  was  followed  in  all  three  runs. 
The  procedure  involved  using  dead-burned  dolomite  for  the  initial  re- 
generator inventory  and  lignite  char  in  the  gasifier.  After  estab- 
lishing acceptor  circulation  and  operating  temperatures  in  both  re- 
actors, the  gasifier  feedstock  was  switched  to  preheated  Velva  lignite. 
Fresh  active  6X9  dolomite  was  then  used  to  change  out  the  inventory  of 
dead-burned  dolomite.  As  the  circulating  acceptor  activity  gradually 
increased,  the  air  supplied  to  the  gasifier  char  bed  to  maintain  tem- 
perature was  reduced.  Finally,  the  air  addition  was  eliminated. 

A  1500°F  gasifier  char  bed  was  always  established  before  raw 
lignite  was  fed  to  the  system.  This  insured  that  sufficient  residence 
time  at  temperature  in  the  fluidized  char  bed  was  provided  to  crack  and 
react  the  lignite  volatiles  to  hydrogen,  methane,  and  carbon  oxides. 

During  Run  19,  balance  period  operating  data  were  obtained  for 
three  distinctly  different  periods.   In  the  first  period,  gasifier 
operating  conditions  were  maintained  using  circulating  dead-burned  dolo- 
mite (11,000  LBS/HR)  and  air  to  supply  the  gasification  heat  require- 
ments. Husky  char  was  the  gasifier  feedstock.  The  second  balance 
period  consisted  of  lining  the  plant  out  using  Velva  lignite  as  the 
gasifier  feedstock.  Again,  circulating  dead-burned  dolomite  and  air 
injection  were  used  to  supply  the  necessary  gasification  heat  require- 
ments. For  the  third  period,  active  acceptor  replaced  the  circulating 
dead-burned  dolomite,  and  air  was  no  longer  used  to  supply  gasifier  heat 
requirements. 


Balance  periods  using  Husky  char  as  a  gasifier  feedstock  were 
eliminated  from  the  startups  for  Runs  20  and  21  since  sufficient  data 
had  been  accumulated  previously.  Balance  periods  were  obtained  for 
these  runs  while  Velva  lignite  was  used  as  a  feedstock,  and  when  all 
gasification  heat  requirements  were  supplied  by  the  circulating 
acceptor.  Run  20  featured  one  balance  period  while  three  were  obtained 
during  Run  21. 

The  shutdown  causes  for  Runs  19  and  20  were  due  to  equipment 
failures.  Run  19  ended  when  a  large  leak  was  discovered  in  the  ex- 
pansion joint  on  the  gasifier  side  flow  line  CO-203.  Run  20  was  ended 
when  the  gasifier  internal  cyclone  fell  from  its  support  due  to  the 
failure  of  a  fillet  weld.  The  cyclone  dip  leg  dropped  into  the  gasifier 
boot  and  acted  as  a  draft  tube  so  that  a  stable  interface  could  not  be 
obtained. 

The  buildup  of  an  intermediate  fines  material  in  the  gasifier 
char  bed  was  responsible  for  the  Run  21  shutdown.  The  material  was  com- 
posed primarily  of  calcium,  magnesium,  and  silica  ranged  in  size  from 
-28  to  +65  Tyler  mesh.  Material  of  this  size  range  is  too  coarse  to  be 
stripped  from  either  the  regenerator  or  gasifier  fluidized  beds  by  the 
overhead  gases.  The  material  is  also  too  fine  to  shower  into  the  gasi- 
fier boot  where  it  could  be  removed  from  the  system  with  the  spent 
acceptor  purge.  Therefore,  the  material  gradually  built  up  in  the 
gasifier  char  bed  until  the  operation  of  the  transition  section  became 
unstable.  Eventually  bridges  formed  in  the  gasifier  transition  and  boot 
sections.  Since  a  stable  interface  could  not  be  regained  because  a 
deposit  had  formed  in  the  boot  section,  the  plant  was  shut  down. 

The  equipment  failures  which  caused  the  Run  19  and  Run  20  shut- 
downs were  easily  repaired.  An  expansion  joint  was  replaced  and  the 
gasifier  cyclone  was  reinstalled  with  additional  bracing.  The  solution 
to  the  intermediate  fines  problem  will  require  the  installation  of  a 
char  bed  purge  system.  This  should  not  cause  a  large  thermal  penalty  to 
the  process.  Since  the  fines  build-up  rate  was  estimated  to  be  only 
four  pounds  per  hour,  the  char  purge  will  be  small. 

Present  plans  are  to  attempt  a  short  run  to  determine  the  feasi- 
bility of  using  100  percent  steam  as  the  fluidizing  medium  in  the  gasi- 
fier boot.  Following  this  run,  the  plant  will  be  shut  down  for  a  major 
turnaround  during  which  the  char  removal  system  will  be  installed. 
Other  system  repairs  include:  Regenerator  refractory  replacement, 
modifications  to  the  gasifier  quench  system,  and  work  to  tie-in  the  new 
methanation  facilities. 


TEST  DATA 


Runs  19,  20  and  21  data  are  presented  graphically  and/or  tabularly 
at  the  end  of  this  run  report.  These  figures  and  tables  include: 
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SIGNIFICANT  EVENTS  AND  OBSERVATIONS 


3.1    HISTORY  OF  RUNS  19,  20,  AND  21 

3.1.1  Purpose 

The  goal  for  Runs  19,  20,  and  21  was  to  establish  long-term  plant 
operation  at  process  conditions.  Velva  lignite  was  to  be  the  gasifier 
feedstock,  while  active  acceptor  was  to  supply  the  gasification  heat 
requirements. 

3.1.2  Accomplishments 

(1)  For  the  first  time,  raw,  preheated  Velva  lignite  was  used  as  the 
gasifier  feedstock  in  the  presence  of  showering  acceptor. 

(2)  The  plant  operation  demonstrated  that  all  lignite  volatile  mate- 
rials were  hydrocracked  and  reacted  to  form  hydrogen,  methane, 
and  carbon  oxides  at  the  gasifier  operating  conditions. 

(3)  Data  from  which  heat  and  material  balances  can  be  calculated  were 
obtained  during  several  steady-state  balance  periods. 

(4)  When  conditions  dictated,  air  was  totally  removed  as  a  heat 
source  to  the  gasifier.  All  the  gasification  heat  requirements 
were  then  supplied  by  circulating  active  acceptor. 

(5)  Additional  data  were  obtained  for  correlating  acceptor  circula- 
tion rate  as  a  function  of  the  lift  line  pressure  drop. 

(6)  The  metal  dusting  type  corrosion  in  the  gasifier  boot  heater 
coils  was  greatly  reduced  or  eliminated  by  adding  steam  to  the 
recycled  gas. 

3.1.3  Termination  Causes 

Run  19 

The  plant  was  shut  down  after  a  large  leak  was  discovered 
in  the  expansion  joint  on  the  gasifier  side  flow  line  CO-203. 

Run  20 

Run  20  was  terminated  after  the  gasifier  internal  cyclone 
fell  from  the  suprarting  gas  outlet  piping.  Since  the  dip  tube 
protruded  into  the  gasifier  boot,  an  alternate  route  for  the 
fluidizing  gases  was  provided  so  that  a  stable  char-acceptor 
interface  could  not  be  maintained. 


Run  21 

The  accumulation  of  an  intermediate  fines  material  in  the 
char  bed  initiated  a  gasifier  upset  which  resulted  in  the  plant 
being  shut  down. 

3.1.4  Mechanical  Problems 

Run  19 

(1)  Following  the  sixth  startup  attempt  for  Run  19,  the 
inside  diameter  surface  of  the  regenerator  refractory  was 
found  to  be  in  poor  condition.  Cracks  in  the  refractory 
and  spalled  areas  had  to  be  cleaned  and  patched.  One 
area  (about  18  X  36  inches)  around  the  fuel  char  inlet 
had  to  be  replaced  to  the  vessel  metal  wall. 

(2)  Before  the  regenerator  refractor  repairs  were  made, 
pieces  of  spalled  refractory  accumulated  on  the  calcined 
acceptor  control  valve,  TCV-2030,  and  caused  two  shutdowns. 

(3)  Leaks  developed  in  the  expansion  joints  on  the  recar- 
bonated  acceptor  standleg,  CD-204,  and  on  the  gasifier 
side  flow  line,  CO-203. 

(4)  Twice  near  the  end  of  the  run,  the  gasifier  lignite  feed 
line,  LN-208,  plugged.  This  was  due  to  the  presence  of  a 
partial  restriction  composed  of  once  wet  dolomite  fines 
in  the  line.  See  Table  19-26  at  end  of  this  report  for 
the  plug  composition. 

(5)  The  lignite  grinding  system  roller  mill  developed  leaks 
in  the  plenum  chamber  when  lignite  was  first  ground. 

(6)  The  lignite  fines  line  from  the  scalping  screen  plugged 
numerous  times  due  to  steam  backf lushing  from  the  preheater, 

(7)  Lignite  feed  to  the  roller  mill  was  lost  several  times 
due  to  foreign  material  in  the  coal  jamming  the  Redler 
conveyor . 

(8)  Several  lignite  grinding  system  shutdowns  were  caused  by 
an  electrical  failure  in  the  100  area  alarm  panel.  Once 
when  this  occurred,  the  interlock  ESD  shutdown  system 
shut  off  the  regenerator  flue  gas  to  the  lignite  pre- 
heater. The  preheater  then  defluidized,  and  the  gasi- 
fier-regenerator  pressure  balance  was  upset. 

(9)  The  lignite  grinding  system  developed  numerous  leaks. 
During  the  shutdown  enough  air  entered  the  system  to 


cause  a  fire  in  the  dust  collection  baghouse.  All  bags 
were  damaged  and  had  to  be  replaced. 

(10)  Following  the  run  shutdown,  cracks  were  found  in  the 
flange  of  the  boot  heater  outlet  line,  GR2-205.  The 
flange  was  replaced  with  a  similar  unit  from  the  devol- 
atilizer  system. 

(11)  A  hole  developed  in  the  inner  metal  liner  of  the  gasifier 
tee  section,  UAD-205.  Erosion  and  corrosion  during  past 
and  present  operations  caused  the  failure  at  the  point  at 
which  the  preheated  gases  impinged  on  the  inlet  piping. 
The  tee  section  was  replaced  with  an  identical  unit  from 
the  devolatilizer. 

Run  20 

(1)  Refractory  in  the  engager  pot,  F-222,  spalled  around  the 
acceptor  makeup  line  entry  point.  Since  this  caused  no 
operating  problems,  the  refractory  was  not  replaced 
until  the  run  ended. 

(2)  The  regenerator  air  distributor  ring  was  destroyed  just 
prior  to  shutdown.  There  are  two  probable  times  during 
which  this  could  have  happened.  The  first  period  was 
just  after  the  gasifier  cyclone  fell  from  its  support. 

To  maintain  the  regenerator  bed  expansion,  recycle  gas  was 
added  to  the  regenerator  air  flow.  The  resulting  change 
in  the  air  heater  outlet  temperature  (1200  to  1500  F) 
indicates  that  the  combustible  components,  principally 
CO,  in  the  recycle  flow  burned  in  the  heater  and  down- 
stream piping.  During  this  period  the  CO  content  of  the 
recycle  gas  increased  from  1.5  percent  to  13.2  percent. 
The  second  probable  period  occurred  much  later  in  the 
run.  At  the  time  methane  was  being  used  to  maintain  the 
regenerator  temperature.  Since  the  regenerator  was  op- 
erated under  reducing  conditions,  the  methane  concentra- 
tion gradually  increased  to  more  than  20  volume  percent 
on  the  recycle  gas.  Eventually,  methane  combustion  may 
have  taken  place  inside  the  air  distributor  ring. 

Run  21 

(1)     The  lignite  grinding  section  was  shut  down  to  repair 

baghouse  blow  ring  carriage.  A  bearing  was  replaced  and 
the  carriage  drive  chain  was  reinstalled  on  its  sprocket. 


(2)  A  weld  which  supported  the  protective  liner  of  the  lignite 
roller  mill  expansion  joint,  EJ-lOO,  eroded.  The  liner 
fell  and  lodged  on  the  mill's  velocity  separator  cone.  A 
new  liner  was  welded  in  place  during  the  run. 

(3)  Partial  restrictions  near  the  regenerator  quench  tower 
inlet  developed  several  times  throughout  the  run.  At  one 
time  when  the  quench  tower  inlet  was  rodded  out,  the 
recycle  compressor  suction  increased  dramatically  from 
less  than  100  PSI  to  125  PSI .  The  problem  may  have 

been  caused  by  insufficient  water  flow  to  the  upstream 
venturi.   Inspection  after  the  run  revealed  wall  scale 
deposits  up  to  3  inches  thick  on  the  downstream  piping 
between  the  venturi  and  the  quench  tower.  One  water 
nozzle  in  the  venturi  was  plugged  with  agglomerated 
dolomite  and  char  ash  fines. 

(4)  The  spool  piece  between  the  gasifier  quench  tower, 
E-301,  and  the  solids  separator,  F-319,  plugged  several 
times  causing  the  quench  tower  to  flood.  Pressure  upsets 
occurred  when  water  was  carried  into  the  recycle  com- 
pressor, the  vent  lines,  and  into  the  recycle  purge  gas 
dryers . 

(5)  One  end  of  the  shaft  in  the  fuel  char  butterfly  flow 
control  valve,  LCV-2002,  eroded  through.  An  extension  to 
the  shaft  was  welded  on  the  opposite  side  from  the  valve 
actuator.  The  actuator  was  then  repositioned  on  the  shaft 
extension.  The  use  of  purge  gas  blasts  into  the  char 
standleg  to  start  the  char  flow  probably  caused  the 
erosion.  This  operating  practice  had  been  used  during 
this  run  and  in  previous  runs. 

3.1.5  Process  Problems 

(1)  Small  deposits  of  agglomerated  dead -burned  dolomite  formed 
in  the  gasifier  boot  during  all  runs. 

(2)  The  concentration  of  an  intermediate  fines  material  in  the 
gasifier  char  bed  continually  increased  throughout  the 
runs. 

3.2    CHRONOLOGY  OF  OPERATIONS 

3.2.1  Run  19 

Hours 
Date    Time    Counted        Description 

^^^     ^^^^  Began  pressuring  up  system.  Air  compressor, 

J-202,  used  to  pressure  system  with  air. 


Hours 

Date 

Time 

Counted 

6/5 

1440 

It 

2400 

6/6 

1100 

ft 

1330 

ff 

2130 

6/7 

0915 

It 

1400 

It 

1615 

It 

1705 

It 

1810 

It 

1830 

It 

2100 

6/8 

1330 

It 

2220 

6/9 

0100 

It 

0400 

It 

1830 

M 

2345 

6/10 

0020 

It 

0650 

It 

0930 

It 

1340 

II 

1540 

II 

1610 

If 

1800 

If 

2000 

Description 

System  at  150  PSIG.  Proceeding  with  static 

leak  test. 

Began  depressuring  to  repair  leaks. 

Pressuring  up  with  air. 

System  at  150  PSIG.  Proceeding  with  static 

leak  testing. 

Vent  flow  tests  started. 

Vent  flow  tests  completed.  Air  removed. 

Inert  gas  started  to  system. 
1300  Recycle  compressors  started.  Gas  circula- 

tion tests  began.  Tee  under  gasifier  plugged, 

Started  depressuring  for  maintenance. 

System  depressured. 

Pressuring  up  system. 

Recycle  compressors  started. 

Heaters  lit. 

Began  curing  of  regenerator  refractory. 

Curing  period  ended.  Heating  up  continued. 

Heaters  up  to  temperature.   Zinc  oxide  system 

put  in  service. 

Compressor  capacity  tests  started.  Zinc 

oxide  system  bypassed  for  tests. 

Steam  flow  tests  started  to  determine 

integrity  of  flow  measurements. 

Steam  side  flow  test  ended.  Steam  boot  flow 

began. 

Steam  flow  tests  ended. 

Dolomite  feed  started  to  gasifier.  Dolomite 

started  to  regenerator  via  makeup  hopper, 

F-206. 

Zinc  oxide  unit  put  back  on  line. 

Balance  gas  purge  to  dPR-2037  plugged. 

Pressure  seal  established  between  regenerator 

and  gasifier  reactors. 
1415  Recycle  gas  removed  from  gasifier  side  and 

steam  introduced. 

Regenerator  dolomite  inventory  established. 

Attempted  acceptor  circulation,  had  trouble 

clearing  balance  gas  line  on  recarbonated 

acceptor  standleg,  CD-204. 

Acceptor  circulation  started. 

Circulation  stopped  for  lift  line  gas  flow 

tests. 
2200  Started  acceptor  circulation  tests. 
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Hours 

Date 

Time 

Counted 

6/11 

0345 

•1 

0400-1000 

II 

1100 

II 

1645 

6/12 

0700 

II 

2330 

6/13 

0145 

It 

0350 

M 

1020 

M 

1145 

II 
6/14 


1230 

1650 
0250 


0530 
0930 


II 

1300 

II 

1400 

6/15 

0515 

II 

0745 

M 

0815 

II 

1400 

II 

1530 

M 

1710 

II 

1750 

II 

1920 

Description 

Circulation  lost  through  calcined  acceptor 

standleg,  CD-206. 

Unable  to  recover  substantial  circulation. 

Began  shutdown  of  system. 

System  depressured. 

Refractory  found  on  top  of  calcined  acceptor 

flow  control  valve,  TCV-2030. 

NOTE:  This  loose  refractory  found  in  the 

system  was  from  old  regenerator  patches . 

Pressuring  up  system. 

System  pressure  at  150  PSIG.  Vent  flow 

tests  completed. 

Balance  gas  lines  and  sample  points  plugged. 

Depressuring  system. 

Pressuring  up  system. 

System  pressure  at  150  PSIG.  Static  leak 

test  started. 

Static  test  completed.  Recycle  compressors 

started. 

Heaters  lit. 

Dolomite  feeding  to  gasifier  via  lignite 

lockhopper,  F-204A.  Gasifier  compressor  not 

delivering  constant  flow.  CD-204  plugged 

above  gasifier  boot  level  control  valve, 

LCV-2003. 

Began  shutdown  procedures. 

System  depressured 

NOTE:  Water  caused  plug  of  agglomerated 

acceptor  located  18  inches  above  LCV-2003. 

Solid  for  1  foot  and  had  to  be  chiseled  out. 

Pressuring  up  of  system  started. 

Heaters  lit. 

Dolomite  feed  started  to  gasifier. 

Dolomite  transferred  to  regenerator. 

Dolomite  feed  to  regenerator  via  V-206  started 

Pressure  seal  between  reactors  established. 

Dolomite  circulation  started. 

NOTE:  Circulation  very  rough  and  had  to 

stroke  flow  control  valve,  TCV-2030,  several 

times  and  then  set  at  9  PSIG  air  loading  for 

smooth  transfer. 

Air  put  into  regenerator. 

Dolomite  circulation  started. 

Tests  ended.  Dolomite  circulation  test 

started. 
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Hours 

Date 

Time    Counted 

6/16 

2135-1445 

11 

1500 

II 

1515 

6/26 

1130 

II 

1330 

II 

1347 

728 

1030 

II 

1500 

II 

1700 

II 

1930 

II 

2200 

II 

2300 

6/29 

6/30 
It 


7/1 
II 


2000 

0100 
0145 


7/2 
It 


2205 

0215 
0240 

0305 

1000-1445 
1645 

1815 


0545 
1630 


Description 

Dolomite  circulation  erratic  entire  time. 

Attempts  to  clear  line  failed. 

Expansion  joint,  EJ-2,  on  line  CD-204  leaking. 

Began  shutdown  procedures. 

Started  pressuring  system  with  J-309. 

System  at  150  PSIG.  Static  leak  tests  began. 

System  being  depressured  due  to  leak  in 

expansion  joint,  EJ-2. 

NOTE:  Entire  expansion  joint  replaced  during 

shutdown.  Erratic  acceptor  circulation  was 

due  to  refractory  piece  (2-1/2  to  3  inch 

diameter)  on  valve  TCV-2030. 

Pressuring  up  system. 

System  at  150  PSIG.  Static  leak  test  started. 

Depressuring  to  replace  pinched  pressure  tap 

to  FI-2107. 

Pressuring  up  system. 

System  at  150  PSIG.  Static  leak  test  started. 

Heater  lit.  Began  regenerator  refractory 

curing . 

Regenerator  curing  finished.  Increasing 

temperatures. 

Air  introduced  into  side  of  gasifier. 

Started  air  to  regenerator.  Steam  flow  tests 

started. 

NOTE;  The  steam  tests  were  run  several  times 

because  the  boot  steam  flow  transmitter, 

FT-2021,  was  found  to  be  installed  backwards, 

and  a  leak  was  found  on  the  side  flow 

steam  transmitter,  FT-2302. 

Started  dolomite  addition  to  gasifier. 

Zinc  oxide  towers  placed  in  service. 

Dolomite  transferred  to  regenerator. 

Started  dolomite  feed  to  regenerator  via 

F-206. 

Dolomite  again  transferred  to  regenerator  from 

gasifier. 

Zinc  oxide  towers  switched. 

Acceptor  lift  line,  CD-208,  plugged.  Unable 

to  close  lift  line  shutoff  valve,  XCV-2010. 

Initiated  shutdown  procedures. 

NOTE:  Packing  on  valve  XCV-2010  was  too 

tight. 

System  depressured. 

Pressuring  up  system. 
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Hours 

Date 

Time 

Counted 

7/2 

1715 

t) 

2215 

11 

2230 

7/3 

1000 

It 

1230 

M 

1630 

7/4 

0215 

It 

1400 

II 

1430 

II 

1530 

II 

1849 

11 

2000 

II 

2130 

II 

2200 

II 

2240 

II 

2325 

II 

2350 

7/5 

0245 

II 

0400 

II 
7/6 

1645 
0700 

II 

1645 

II 

1715 

II 

1830 

II 

1930 

II 
7/7 

2345 
0530 

II 

1700 

It 

1800 

II 

2025 

II 

2030 

II 

2120 

It 

2200 

2325 


Description 

System  at  150  PSIG.   Began  static  leak  test. 

Started  compressor  flow  tests. 

Heaters  lit. 

Dolomite  feed  started  to  gasifier  via  lignite 

lockhopper,  F-204A.  Zinc  oxide  unit  put  in 

service. 

Lignite  feed  lines  to  gasifier  plugged. 

Feed  lines  cleared. 

Started  solids  circulation  after  regenerator 

filled. 

Flow  tests  completed.  Char  addition  started. 

Dolomite  makeup  started  to  regenerator  at 

300  LBS/HR. 

Steam  introduced  to  gasifier  side. 

Air  added  to  gasifier  side  and  some  steam  removed, 

Char  standi  eg  sealed. 

With  char  bed  established,  transferred  char 

to  regenerator  for  5  minutes. 

Started  dolomite  circulation. 

Introduced  steam  to  gasifier  boot. 

Began  regenerator  char  combustion. 

Char  transfer  stopped. 

Fuel  char  feed  erratic. 

Char  transfer  improving. 

Unable  to  dump  to  spent  acceptor  purge  hopper, 

F-213.   Initiated  shutdown  procedures. 

System  depressured  to  clear  line. 

Began  pressuring  up. 

System  depressured  to  repair  leaks. 

Pressuring  up. 

Compressors  and  heaters  started. 

Zinc  oxide  unit  put  in  service. 

Filling  regenerator  via  F-206.  Air  taken  out 

out  of  regenerator. 

Lift  line  flow  test  started. 

Started  dolomite  circulation  test. 

Steam  introduced  into  gasifier  side. 

Char  feed  started  to  gasifier.  Air  taken  out 

of  regenerator. 

Acceptor  circulation  started. 

Withdrawing  acceptor  to  purge  lockhopper, 

F-213,  continually.  Air  started  to  gasifier. 

Began  char  transfer  to  regenerator.  Very 

erratic. 
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Date   Time 

7/8    1240 
"   0700-2300 


Hours 
Counted 

0 


7/9  0700-1615 


7/10 


2200 
0700 

0745 
1205 


1325 


II 

1330 

II 

2032 

II 

2150 

II 

1200 

II 

1500 

II 

1620 

11 

2000 

7/12 

0300 

II 

0430 

It 

0700-1800 

7/13 

1315 

II 

1930 

II 

2010 

II 

2100 

It 

2350 

33 


7/11  0300-0400   63 


71 


86 


126.5 


Description 

Regenerator  at  1840  F. 

Fuel  char  transfer  very  erratic.  Attempts  to 
establish  a  balance  period  to  no  avail. 
Gaslfier  boot  flow  25  percent  steam,  75  percent 
recycle. 

Fuel  char  transfer  lining  out.   Started 
balance  period.   Without  char  feed  for  one 
hour  due  to  sheared  pin  in  lignite  lock- 
hopper  feeder  below  F-204A. 
Started  feeding  lignite. 

100  area  (lignite  grinding  area)  shut  down 
due  to  plugging  of  Redler  conveyor. 
100  area  back  in  operation. 
Lignite  feed  lost  due  to  malfunction  of 
lockhopper  differential  pressure  controller, 
dPC-2038. 

Steam  to  gasifier  side  decreased  to  conserve 
lignite. 

100  area  down  for  repair  of  roller  mill. 
Lost  char  transfer  to  regenerator. 
Methane  used  to  maintain  regenerator  tempera- 
ture.  Having  to  fill  lignite  lockhopper  with 
lignite  out  of  tote  bins.   Trouble  with 
100  area  grinding. 

Out  of  lignite.   Began  feeding  char  to  gasifier 
to  build  up  bed  level.   100  area  trouble  per- 
sisting.  Chain  on  Redler  conveyor  broken. 
Feeding  lignite  again. 

Fuel  char  transfer  nonexistent.   100  area 
operating  again.  '' 

Char  transfer  started  but  erratic. 
Char  transfer  improving. 
Fresh  6X9  dolomite  addition  started  to 
regenerator. 

Acceptor  transfer  from  regenerator  erratic. 
Acceptor  transfer  gradually  improving. 
NOTE:   The  differential  pressure  between 
the  reactors  was  lowered  to  improve  the 
acceptor  circulation. 
Increased  steam  flow  to  gasifier  side. 
All  air  out  of  gasifier. 

Recycle  removed  from  regenerator  air  flow. 
Air  put  back  into  gasifier. 
Air  removed  from  gasifier. 
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Hours 

Date 

Time 

Counted 

7/14 

0040 

ir 

0130 

ti 

0415 

II 

0435 

II 

0700 

fi 

0800 

M 

1415 

II 

1540 

II 

7/15 


7/16 


2155 
0430 

0530 

0600 
0630 

0640 


0845 
1140 


1355 
1855 

2155 
0530 

0615 
0640 
0700 
0725 


0810 
1200 


152.9 
159.5 


176.9 


185.7 
186 


191 


Description 

Circulation  rate  dropping  off. 

Air  back  in  gasifier.  Air  out  of  gasifier. 

Air  in  and  out  of  gasifier. 

Air  out  of  gasifier. 

Air  in  gasifier.  Had  problem  with  acceptor 

circulation  so  took  steam  out  of  boot. 

Steam  back  in  boot. 

Circulation  rate  improving. 

Circulation  momentarily  lost  due  to  system 

upset. 

NOTE;  During  last  three  days  air  was 

in  and  out  of  gasifier  many  times  in  order 

to  control  temperature  during  upsets. 

400  SCFH  of  CO-  introduced  to  gasifier  boot. 

Lignite  feed  to  gasifier  lost.  Unable  to  feed 

from  F-204A  and  unable  to  recharge  F-204B. 

Char  transfer  stopped  and  methane  added  to 

regenerator  to  hold  temperature. 

F-204B  recharged  and  feeding  to  the  system. 

Char  transfer  resumed.  Methane  combustion 

stopped. 

Lignite  feed  lost. 

NOTE:  Line  between  lignite  lockhoppers  and 

gasifier  plugged.  Line  was  cleaned  by 

removing  spool  piece  under  feeders. 

Lignite  feed  resumed. 

Lignite  feed  restricted. 

NOTE;   Line  cleared  by  blowing  with  350  PSIG 

inert  gas. 

COj  to  gasifier  boot  increased  to  540  SCFH. 

Flue  gas  added  to  preheater.  Steam  added 

to  side  of  gasifier. 

Air  removed  from  gasifier. 

Entire  100  area  shut  down  due  to  Beta  alarm 

panel  malfunction. 

Transfer  through  TCV-2030  slowing. 

Air  added  to  gasifier  to  maintain  temperature. 

Beta  panel  again  malfunctioned. 

Transfer  through  LCV-2003  erratic. 

NOTE;  The  valve  shaft  key  worked  loose.  Key 

was  welded  in  to  secure. 

Acceptor  transfer  back  to  normal .  Steam  put 

back  into  boot. 

Lignite  feed  lost.  Gasifier  bed  upset  while 

trying  to  clear  feed  lines.  Interface  was  lost 
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Hours 

Date 

Time    Counted 

7/16 

1315 

It 

1330 

II 

1512-1730 

7/17 


1842 
2030 

2400 

1100 


203 


Description 

Dolomite  makeup  discontinued.  Gasifier  drained 

to  spent  acceptor  lockhopper. 

Acceptor  circulated  during  wait  for  char  feed. 

Lignite  feed  lines  clear.   Lignite  replaced 

with  char.  Char  feed  started  to  gasifier. 

Interface  established.   Circulation  started. 

Air  introduced  into  gasifier. 

Dolomite  makeup  resumed  at  300  LBS/HR. 

Char  transfer  started.   CH^  removed  from 

regenerator. 

Expansion  joint  on  gasifier  side  flow  line, 

CO-203,  leaking.   Initiated  shutdown  procedures. 

System  depressured. 


3.2.2  Run  20 


8/2 

1355 

11 

1515 

It 

1610 

•• 

1900 

II 

1940 

8/3 

1145 

II 

1330 

8/6 

1820 

II 

2050 

8/8 

1855 

" 

2000 

II 

2030 

II 

2115 

II 

2200 

II 

2225 

11 

2235-2350 

8/9 

0200 

II 

1230 

II 

2115 

Expansion  joint,  EJ-5, 


Expansion  joint,  EJ-5, 


Pressuring  up  system. 

Depressuring  system  due  to  a  leak  in  the 

suction  block  valve  bonnet  on  gasifier  recycle 

compressor,  J-201B. 

Pressuring  up. 

Static  pressure  leak  test  started. 

Depressuring  system  due  to  a  leak  in  expansion 

joint,  EJ-5,  on  calcined  acceptor  standleg, 

CD-206. 

Pressuring  up  system. 

Depressuring  system, 
leaking. 

Pressuring  up  system. 

Depressuring  system, 
leaking. 

Pressuring  up  system. 

Recycle  compressors  started  for  line  flow  check, 
Compressors  shut  down — all  lines  seem  clear. 
Static  pressure  leak  tests  started. 
Static  pressure  leak  tests  finished.   Started 
recycle  compressors  and  proceeded  with 
gas  circulation  tests. 
Heaters  lit. 

Plug  developed  in  lift  line.   Began  depres- 
suring procedures.   Plug  was  cleared  with 
system  at  132  PSIG.   System  repressured. 
Began  curing  refractory. 

"A"  zinc  oxide  tower  shut  down  for  turnaround. 
Refractory  curing  finished. 
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Hours 

Date 

Time 

Counted 

8/10 

0230 

II 

1630 

II 

1818 

8/11 

2030-0024 

II 

0740 

M 

0835-1235 

1355 


II 

2355 

8/12 

0025 

11 

0435 

II 

0500 

II 

0715-0745 

•1 

1030 

II 

1255 

II 

1510 

II 

1530 

II 

1704 

II 

1710 

II 

2015 

II 

2030 

It 

2400 

8/13   0900 


0 


12.45 


1123 
1850 


8/14  2025-0530 


Description 

Began  steam  tests  to  determine  integrity  of 
flow  measurement. 

Steam  tests  completed.  Steam  and  air  re- 
moved from  gasifier.  "A"  zinc  oxide  unit 
back  in  service. 

Began  dead-burned  dolomite  addition  to  gasi- 
fier via  lignite  lockhopper,  F-204A. 
Acceptor  transfer  through  gasifier  boot  level 
control  valve,  LCV-2003,  very  erratic,  and  line 
to  acceptor  dumphopper,  F-213,  plugged. 
Line  to  F-213  cleared. 

Lift  line,  CD-208,  plugged  just  below  re- 
generator. Began  depressurlng  system  and 
plug  was  cleared. 

Began  dead-burned  dolomite  feed  to  regen- 
erator via  makeup  acceptor,  F-206. 
Started  solids  circulation. 
Stopped  solids  circulation.   Started  lift 
line  gas  flow  tests. 
Finished  gas  flow  tests. 
Started  solids  circulation  tests. 
Circulation  lost  through  LCV-2003.  Regained 
circulation  by  blowing  into  S-10  sample  station. 
NOTE;   Five  hot  spots  found  on  various  lines. 
Circulation  tests  completed. 
Char  addition  started  to  gasifier. 
Started  acceptor  circulation.   Introduced  air 
to  gasifier  side. 

Began  makeup  dolomite  addition  via  F-206. 
Started  fuel  char  to  regenerator. 
Introduced  air  to  regenerator. 
Regenerator  at  1800°F. 
Steam  added  to  gasifier  boot. 

Began  cutting  air  and  steam  to  gasifier  side  to 
raise  temperatures. 

"B"  zinc  oxide  tower  taken  out  of  service  for 

turnaround. 

Lignite  addition  to  gasifier  started. 

Makeup  hopper,  F-206,  filled  with  fresh 

6X9  dolomite. 

Char  transfer  through  control  valve, 

LCV-2002,  very  erratic. 

NOTE:   Dolomite  addition  to  regenerator  stopped. 

Trouble  experienced  with  feeding  lignite  to 

lockhoppers.  Methane  added  to  regenerator. 

Lignite  feed  replaced  by  char  at  0440  hours. 
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Hours 

Date 

Time 

Counted 

8/14 

0545 

It 

0600 

II 

0645 

II 

0725 

It 

0730-2000 

47.45 

II 

2030 

8/15 

0800 

59.45 

M 

1435 

8/16 

1145 

87.30 

II 

1400 

It 

1510-1530 

8/17 

0125 

It 

0230 

II 

0340 

II 

0400 

8/17 

0450 

II 

0739 

II 

0800 

It 

0830 

It 

0900-2000 

It 

2330 

8/18 

0010 

It 

0050 

It 

0430 

II 

0500 

II 

0505 

II 

0600 

II 

0630 

II 

0700 

II 

0945 

8/19 

0600 

All 


Description 

Char  transfer  reliable. 

Methane  taken  out  of  regenerator. 

Dolomite  makeup  started  to  regenerator. 

Char  feed  replaced  with  lignite. 

Char  transfer  erratic  at  times. 

290  SCFH  of  CO2  added  to  gasifier  boot. 

air  taken  out  of  gasifier  side. 

Flue  gas  used  to  fluidize  preheater. 

"B"  zinc  oxide  tower  put  into  service. 

Gasifier  bed  differential  pressures  dropped 

off  rapidly.  Lost  fluidization. 

CO^  removed  from  gasifier  boot. 

Steam  removed  from  gasifier  boot. 

Emptied  gasifier  of  material. 

NOTE:  All  steam  and  air  taken  out  of  gasifier. 

Recycle  compressors  restarted.   Zinc  oxide  unit 

taken  off  stream. 

Started  dolomite  circulation. 

Stopped  circulation. 

Steam  introduced  into  gasifier  side. 

Began  char  feed  to  gasifier.  Zinc  oxide 

unit  put  back  on  line. 

Air  introduced  into  gasifier  side. 

Began  acceptor  circulation. 

Dead-burned  dolomite  fed  to  gasifier  via 

F-204A. 

Attempted  to  regain  char-acceptor  interface. 

Gasifier  "tee"  line,  UAD-205,  plugged. 

Began  emptying  gasifier. 

Air  and  methane  taken  out  of  regenerator. 

Air  taken  out  of  gasifier. 

Gasifier  empty  of  materials. 

Gasifier  "tee"  finally  cleared. 

Expanding  regenerator  bed  with  air. 

Steam  taken  out  of  gasifier  side. 

Began  increasing  vessel  temperatures. 

Attempted  to  transfer  calcined  acceptor  to 

gasifier.   Line  plugged. 

Started  shutdown  procedures. 

System  completely  depressured. 


18 


3.2.3  Run  21 

Date 

Time 

Hours 
Counted 

8/30 

1520 
1605 

If 

tr 

II 

8/31 

1850 
1930 
2130 
1530 

fi 

0530 

?t 

1230 

It 

1300 

Description 

Started  pressuring  up  with  air. 

System  at  150  PSIG.  Began  static  leak 

pressure  test. 

Recycle  compressors  started. 

Heaters  lit. 

Began  refractory  cure. 

Refractory  cure  completed.  Began  raising 

temperature  at  100  F/HR. 
^'^  ^^^°  Started  dead-burned  dolomite  addition  to 

gasifier  via  lignite  lockhopper,  F-204A. 

Added  air  to  regenerator. 

Started  solids  circulation. 

Stopped  solids  circulation. 

NOTE:  Experienced  high  pressure  from  flue 

gas  recycle  compressors  due  to  plugged 

sensing  line. 

Began  gas  circulation  tests. 

Lift  line  gas  circulation  tests  finished. 

Started  solids  circulation  tests. 

Solids  circulation  tests  finished. 

Steam  introduced  to  side  of  gasifier. 

Zinc  oxide  unit  put  in  service. 

Air  taken  out  of  regenerator. 

Char  addition  to  gasifier  started. 

NOTE:  Elliott  test  turbine  put  on  line. 

Started  solids  circulation. 

Air  introduced  into  gasifier  side  flow. 

Experienced  100  area  shutdown  when  internal 

sleeve  of  the  roller  mill  expansion  joint, 

EJ-lOO,  broke  loose  and  cut  dryer  furnace 

control  thermocouples. 

Started  char  transfer. 

Started  air  to  regenerator. 

J-202  main  air  compressor  experiencing 

trouble  with  second  stage  relief  valve 

lifting. 

°^^^  Air  taken  out  of  system.  Char  addition 

stopped. 
^l^l  J-202  shut  down  for  maintenance. 

"  '^-202  repaired.  Addition  of  air  to  system 

resumed. 

^^^°  C^ar  feed  to  gasifier  resumed.  Began  char 

transfer  to  the  regenerator. 


II 

1330 

II 

1515 

II 

1630 

M 

1800 

II 

1810 

II 

1900 

II 

1910 

II 

2105 

11 

2230 

9/1 

2350 

II 

2400 

9/2 

0215 

II 

0213 

II 

0545 
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Date 

Time 

Hours 
Counted 

9/2 
It 

1400 
1515 
1550 

0 

9/3 

It 

2155 
0230 
0630-1845 

9/4 


9/5 


9/6 


1245 
2130 
0030 

0800 


21.5 


0845 

1805 

2111 

2120 

2345 

41.5 


0250 


II 

0335 

II 

1115 

II 

1215 

It 

1400-1445 

69 


1205 


"      1450 

9/7 

9/8   0300-0830 


Description 

Steam  added  to  gasifier  boot  flow. 
Regenerator  at  1800  F. 
J-201B,  gasifier  recycle  compressor,  no 
longer  needed--shut  down. 
Began  lignite  addition  to  gasifier. 
Began  easing  air  out  of  gasifier. 
Experienced  loss  of  char  transfer  to  regenerator 
for  short  periods.  Dolomite  addition  lost 
while  a  valve  was  repaired  on  F-206,  dolomite 
makeup  hopper. 

Fresh  6X9  dolomite  started  to  system. 
Began  removing  air  from  gasifier  again. 
Recycle  gas  removed  from  regenerator  air 
ring.  .   . 

NOTE:   Began  procedures  to  conserve  lignite 
due~to  loss  of  100  area  due  to  baghouse 
difficulty. 

All  air  removed  from  gasifier. 
Started  flue  gas  to  preheater. 
Lost  char  transfer. 
Regained  char  transfer. 
Sheared  pin  on  L-204,  dolomite  makeup 
feeder.  Open  bypass  and  continued  to  feed 
while  feeder  was  repaired. 
L-204,  dolomite  feeder,  back  in  service. 
Bypass  closed. 

Began  COj  addition  to  gasifier  boot. 
Raised  steam  to  gasifier  side  to  30,000 
SCFH. 

The  "tube  tester"  was  placed  in  service. 
Without  dolomite  makeup  while  valve  repaired 
between  F-206  and  F-206B.   (Dolomite  lock- 
hoppers)  . 

Pressure  surge  experienced  on  J -203  regen- 
erator recycle  compressor  suction. 
NOTE :  Pressure  surge  due  to  plug  in  regen- 
erator overhead  line  breaking  loose.  Caused 
trouble  with  quench  tower  water  outlet. 
Accidental  ESD  shutdown  occurred.  System 
upset  but  recovered. 
NOTE:  Attempted  to  increase  dolomite 
circulation  without  success. 
Slight  system  upset  caused  by  regenerator 
quench  tower.  Flushed  E-301  gasifier  quench 
tower  bottom  and  had  upset  in  gasifier 
quench  separators. 
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Tl 

1400 

9/11 

0700 

It 

0900 

9/12 

0410 

It 

1600 

240.75 

9/13 

0220 

251 

0240 


Hours 
Date    Time    Counted  Description 

9/9  NOTE:  Experienced  regenerator  quench  trouble 

several  times 
9/10    1000  Found  broken  shaft  on  LCV-2002,  char  to 

regenerator  control  valve.  Valve  controlled 

by  hand  until  actuator  was  welded  on 

reverse  side  of  shaft. 
190.75   LCV-2002  in  service  on  manual  control. 

Sulfur  breakthrough  on  "A"  zinc  oxide  tower. 

Lost  gasifier  quench  tower  water  flow  for  a 

short  time. 
1145     212.5    Air  introduced  to  side  of  gasifier  to 

increase  bed  temperature. 

LCV-2002  in  automatic  control  mode. 

"A"  zinc  oxide  tower  taken  off  stream. 

Dolomite  transfer  through  CD-204  (carbonated 

acceptor  from  gasifier  to  engager  pot  transfer 

line)  lost. 

Steam  taken  out  of  gasifier  and  replaced  with 

recycle.  Dumped  contents  of  gasifier  to  spent 

acceptor  lockhopper,  F-213. 

Attempted  to  rid  regenerator  of  excessive  fines 

by  increasing  the  velocity  through  the  bed. 

Lost  the  seal  on  LCV-2003.  Slumped  regen- 
erator bed  and  plugged  lift  line. 

Resumed  dolomite  circulation. 

Stopped  dolomite  circulation. 

Started  steam  to  gasifier  side. 

Started  char  addition  to  gasifier. 

Attempted  to  resume  dolomite  circulation. 

Steam  removed  from  gasifier  side. 

Recovered  dolomite  circulation. 

Stopped  dolomite  circulation. 

Resumed  char  feed  to  gasifier. 

Started  dolomite  makeup  to  regenerator. 

Introduced  air  to  gasifier. 

Resumed  dolomite  circulation. 

Since  performance  of  gasifier  bed  erratic, 

started  shutdown  procedures. 
9/15    0630  System  depressured  and  ready  for  maintenance. 


tl 

1700 

tl 

1920 

11 

2100 

It 

2200 

9/14 

0040 

It 

0130 

It 

0205 

It 

0430 

It 

0600 

It 

0955 

It 

1002 

It 

1135 

tl 

1226 

It 

1230 

tl 

1425 

21 


4   RESULTS  AND  DISCUSSION 


4.1    BACKGROUND 

The  major  objective  for  Runs  19,  20,  and  21  was  to  demonstrate  long- 
term,  integrated  plant  operation  using  lignite  coal  for  the  gasifier  feed- 
stock. Lignite  from  the  Velva  mine  in  North  Dakota  was  used  m  each  run. 
This  coal  was  chosen  for  the  low  sodium  content  (about  2.5  weight  percent 
Na  0  based  on  sulfur  free  ash)  of  its  ash.   Extremely  high  sodium  coals 
wi?h  ash  sodium  contents  greater  than  14  weight  percent  were  avoided. 
This  was  done  since  early  bench-scale  studies  indicated  that  these  coals 
promoted  the  formation  of  gasifier  char  bed  deposits.  However,  to  deter- 
mine the  process  sodium  tolerances  in  pilot  plant  equipment,  coals  with 
higher  sodium  levels  will  be  tested  at  a  later  date. 

Only  slight  modifications  were  made  to  the  now  standard  startup 
procedure  to  incorporate  the  use  of  raw  coal  feed.   The  initial  regen- 
erator and  gasifier  inventories  were  dead-burned  dolomite  and  Husky  char 
respectively.   The  acceptor  circulation  was  started  and  maintained  at 
4  000  to  6,000  LBS/HR  while  the  char  bed  was  established.   Then  the  ac- 
ceptor circulation  was  gradually  increased  to  the  normal  operating  rate 
of  11,000  LBS/HR. 

After  attaining  process  temperatures  of  1840°F  in  the  regenerator 
and  1520°F  in  the  gasifier,  the  gasifier  feedstock  was  switched  to  pre- 
heated raw  lignite.  At  this  stage  of  operation  the  regenerator  temperature 
was  maintained  by  burning  fuel  char  from  the  gasifier.  The  gasification 
heat  requirements  were  satisfied  by  circulating  acceptor  and  by  injecting 
air  into  the  gasifier  char  bed.   Sensible  heat  was  derived  from  the 
temperature  difference  between  the  circulating  acceptor  and  the  gasifier 
char  bed.  The  injection  of  air  provided  heat  from  the  combustion  of  char. 

After  the  plant  operation  became  steady,  the  inactive  dead-burned 
dolomite  inventory  was  replaced.   Fresh  dolomite  (nominally  6  X  9  Tyler 
mesh)  was  continually  made  up  at  a  600  LBS/HR  rate  while  spent  acceptor 
was  continually  withdrawn  from  the  gasifier.  As  the  activity  increased, 
air  was  removed  from  the  gasifier  to  maintain  the  char  bed  temperature. 
Finally,  air  injection  was  discontinued. 

4 . 2    ACCOMPLISHMENTS 

4.2.1  Major  Achievements 

The  following  summary  lists  the  operational  achievements  for 
Runs  19,  20,  and  21. 
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Summary  of  Plant  Operations 
Hours  


With  Fresh    Without 
At  Process     With  Lig-  Acceptor      Gasifier 
Run     Temperature    nite  Feed   Makeup        Air 

19  187        150       97  9 

20  87         75        53  38 

21  251        244       230  171 

Clearly,  these  runs  demonstrated  the  feasibility  of  the  process  using 
low  sodium  ash  lignite  coals  for  the  gasifier  feedstock.  With  each 
successive  run,  more  hours  were  logged  at  the  intended  operating  con- 
ditions without  gasifier  air  addition.  Essentially,  all  air  was  re- 
moved from  the  gasifier  for  171  hours  during  Run  21.  Of  the  171 
hours,  air  was  totally  removed  for  120  hours.  The  discrepancy  between 
the  two  times  was  due  to  the  discovery  of  a  small  air  leak  through  the 
closed  block  and  control  valves  on  the  gasifier  air  line.  The  leak 
was  then  eliminated  by  triple  blocking  the  line.  Since  the  leak  was 
small,  only  about  2,200  SCFH  of  air  (equivalent  to  the  burning  of  15 
LBS/HR  of  carbon  to  carbon  dioxide) ,  the  official  time  is  the  higher 
value. 

The  run  series  also  demonstrated  that  the  gasifier  conditions 
were  severe  enough  to  hydrocrack  and  react  all  the  lignite  volatile 
materials  to  hydrogen,  methane,  and  carbon  oxides.  No  condensable 
organic  materials  including  such  refractory  compounds  as  benzene  and 
napthalene  survived  the  gasifier  conditions.  Ethane  was  the  highest 
ranked  hydrocarbon  detected  even  for  periods  during  Run  21  when  the 
gasifier  temperature  dipped  to  1460  F.  Typically,  the  concentration  of 
ethane  was  less  than  0.1  volume  percent. 

4.2.2  Run  Data 

Data  obtained  during  the  runs  are  presented  tabularly  at  the 
end  of  this  run  report.  Process  conditions  on  a  daily  basis  and  during 
balance  periods  are  shown  in  Tables  19-2  and  19-7.  Physical  and  chemical 
property  data  for  the  process  solids  are  summarized  in  Tables  19-8  through 
19-25.  The  Run  19  feedstock  compositions  are  reported  for  composited 
samples.  Averaged  values  are  used  for  the  Run  20  and  21  analyses. 

Typical  complete  elemental  analyses  for  the  feedstock  are  re- 
ported for  Run  19  and  have  also  been  presented  in  previous  reports. 
Much  of  the  data  contained  in  the  complete  elemental  analyses  is  not 
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necessary  for  calculating  heat  and  material  balances  or  for  understand- 
ing the  process.  Therefore,  to  help  relieve  the  laboratory  work  load, 
many  elemental  analyses  for  Runs  20  and  21  were  abbreviated  with  only 
the  most  important  compounds  listed. 

Extensive  balance  period  data  were  obtained  during  the  three  run 
series  from  which  heat  and  material  balances  and  the  reaction  kinetics 
can  be  calculated.  Run  19  had  three  balance  periods.  The  first  two 
were  base  case  periods  for  which  the  circulating  acceptor  had  zero 
activity.  Char  was  the  gasifier  feedstock  for  the  first  period  (0700  to 
1600  hours  July  9,  1974)  while  preheated  lignite  was  the  feedstock  tor 
the  second  period  (2000  hours  July  11,  1974  to  0300  hours  July  12, 
I974)   Suring  the  third  period  (2200  hours  July  15,  1974  to  0600  hours 
July  16  1974),  there  was  no  air  injection  to  the  gasifier  and  lignite 
was  fed 'to  the  gasifier.  For  Run  20  one  long,  steady-state  balance 
period  (0700  hours  August  15,  1974  to  0700  hours  August  16,  1974)  was 
obtained  with  lignite  feedstock  and  no  gasifier  air   The  three  balance 
periods  for  Run  21  (first  period,  1900  hours  September  9,  1974  to  0300 
hours  September  10,  1974;  second  period,  2300  hours  September  11,  1974 
to  0500  hours  September  12,  1974;  and  third  period,  1900  hours  Sep- 
tember 12,  1974  to  0700  hours  September  13,  1974)  were  all  obtained 
after  the  acceptor  activity  had  lined  out  at  0.30. 

4.2.3  Leak  Test 

System  integrity  tests  were  often  included  in  the  plant  startups. 
These  tests  included:   (1)  Leak  checks;  (2)  gas  flow  measurement  com- 
parisons; and  (3)  a  test  to  determine  the  acceptor  circulation  rate. 

Static  pressure  leak  tests  were  conducted  for  all  three  runs. 
The  leak  rate  was  determined  by  measuring  the  amount  of  inert  gas  re- 
quired to  maintain  system  pressure  at  150  PSIG.  Fo^^^^^^^^i  TT' 
?he  total  inherent  leak  rate  was  between  4,000  to  4,500  SCFH.  Leak 
rates  were  much  higher  when  the  system  ^^^f  °P^f  ^^"^^temperature 
The  estimated  leak  rate  during  Run  21  was  15,000  to  20  000  SCFH   Based 
upon  the  change  in  the  gasifier  vent,  a  large  'B'  gas  leak  of  11>000 
SCFH  was  discovered  but  not  located  when  the  'B'  gas  dryers  were  taken 
out  of  service.  Also,  during  Run  21  a  3,000  to  5,000  SCFH  leak  de- 
veloped in  the  bonnet  of  the  valve  which  blocks  recycle  gas  from  the 
gasifier  side  flow.  Other  primary  leak  sources  are  the  gasifier  and 
regenerator  vent  block  valves,  lockhopper  vent  valves,  and  various 
relief  valves. 

4.2.4  Vent  Flow  Tests 

For  the  gas  flow  tests,  comparisons  were  made  between  the  mea- 
sured air  flows  and  the  corresponding  gasifier  and  regenerator  vent 
rates.  These  tests  were  conducted  only  during  Run  19.  After  applying 
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a  reasonable  leak  rate  (3,200  SCFll) ,  the  data  showed  that  small  cor- 
rections to  the  flow  recorder  readings  were  necessary  to  obtain  a  con- 
sistent set  of  data.  Since  the  corrections  were  normally  less  than  2 
percent  of  the  transmitter  range,  the  air  and  vent  flow  orifice 
readings  were  assumed  to  be  correct. 

4.2.5  Solids  Circulation  Tests 

Acceptor  circulation  tests,  which  allow  the  solids  circulation 
rate  to  be  correlated  as  a  function  of  the  lift  line  pressure  drop 
were  performed  during  each  run.  Procedural  details  have  been  given 
in  earlier  run  reports  (i.e..  Run  14  and  16).  The  data  for  Runs  20 
and  21  agreed  well  with  earlier  data.  However,  the  Run  19  data  did 
not  agree.  A  plot  of  the  lift  line  pressure  drop  versus  circulation 
rate  for  Run  19  shows  that  the  slope  is  the  same  as  that  for  the 
majority  of  data,  but  the  intercept  is  higher.  Since  heat  and  mate- 
rial balances  for  the  run  indicate  that  the  majority  of  data  predict 
fairly  well  the  acceptor  circulation,  the  Run  19  data  is  probably  in 
error. 

The  discrepancy  may  have  been  due  to  solids  leakage  through  the 
gasifier  boot  level  control  valve,  LCV-2003,  during  the  circulation 
tests.  The  circulation  rate  was  measured  by  the  time  required  to  fill 
the  gasifier  boot.  Therefore,  if  any  solids  leaked  past  the  valve,  the 
filling  time  would  be  greater  than  expected,  and  the  data  would  indicate 
less  circulation  for  a  given  lift  line  pressure  drop.  The  discovery 
near  the  end  of  the  run  that  the  shaft  key  for  LCV-2003  had  fallen  out 
of  the  key  way  lends  support  to  the  leaking  valve  theory.  Another 
possibility  is  that  the  lift  line  differential  pressure  transmitter  zero 
may  have  shifted. 

The  circulation  data  for  the  three  runs  are  not  presented  in 
this  report.  These  data  are  being  reevaluated  with  data  from  other 
runs  to  determine  the  best  correlation. 

4.2.6  Acceptor  Activity 

Air  was  removed  as  a  source  of  heat  from  the  gasifier  during 
each  run.  This  was  made  possible  by  changing  out  the  inactive  dead- 
burned  dolomite  with  fresh  active  acceptor.  Figure  19-1  shows  the 
increase  in  acceptor  activity  with  time  towards  the  reaction  of  calcium 
oxide  with  carbon  dioxide.  At  the  600  LBS/HR  makeup  rate,  approximately 
150  hours  are  required  to  substantially  replace  the  original  dead- 
burned  dolomite.  Only  during  Run  21  was  total  replacement  achieved. 
For  this  run  the  final  equilibrium  acceptor  activity  was  0.30. 

The  cause  of  the  apparent  activity  plateau  of  0.23,  which  was 
reached  after  about  70  hours  of  fresh  acceptor  makeup  during  Run  19, 
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is  not  known.  However,  research  is  now  being  conducted  by  Conoco 
Coal  Development  Company  in  Library,  Pennsylvania,  to  better  deter- 
mine the  effects  of  process  conditions  on  acceptor  activity. 

4.2.7  Temperature  Profiles 

Figures  19-2  and  19-3  show  temperature  profiles  for  the  gasifier 
and  regenerator  during  Run  21.  The  data  shown  should  be  considered  as 
typical  of  the  fluid  bed  conditions  since  similar  data  were  obtained 
for  all  three  runs.  Two  periods  of  operation  are  shown  in  the  figures. 
For  both  periods  lignite  was  the  gasifier  feedstock.  During  the  early 
period,  inactive  dead-burned  dolomite  made  up  the  circulating  acceptor 
inventory  while  during  the  second  period  active  acceptor  was  circula- 
ted.  In  the  gasifier  the  low  transition  section  temperature  was  the 
result  of  mixing  the  relatively  cold  lignite  feed  (300  to  450  F)  with 
the  gasifier  char  bed.  However,  the  small  temperature  gradient  for 
the  bulk  of  the  char  bed  indicates  that  the  effect  of  the  cold  feed 
was  dissipated  rapidly  by  backmixing. 

A  small  amount  of  carbon  dioxide  (400  to  625  SCFH)  was  injected 
into  the  boot  fluidizing  gases  when  steam  was  used  to  replace  part  of 
the  recycle  gas.  This  was  done  to  keep  the  spent  acceptor  from  calcining 
and  possibly  forming  agglomerates  in  the  gasifier  boot  due  to  low  CO^ 
partial  pressure.  The  high  boot  temperature  during  the  second  period 
shown  in  Figure  19-2  suggests  that  the  showered  acceptor  was  not  com- 
pletely recarbonated  when  it  entered  the  boot.  Therefore,  the  high 
boot  temperature  may  result  from  the  exothermic  reaction  between  the 
acceptor  and  the  C0„ . 

As  shown  in  Figure  19-3,  the  regenerator  thermal  gradients  were 
small  when  the  calcining  duty  was  minimal  (first  condition) .  For  the 
second  condition,  the  large  heat  sinks  provided  by  the  circulating 
active  acceptor  and  the  fresh  makeup  significantly  dropped  the  regen- 
erator bottom  temperature.  Again  due  to  rapid  backmixing,  only  a  small 
thermal  gradient  normally  existed  in  the  bulk  of  the  acceptor  bed. 

4.2.8  Pressure  Balance 

The  system  pressure  balance  relationships  are  given  in  Table  19-1 
at  various  times  during  the  three  runs.   Figure  19-4  shows  the  loca- 
tions of  the  fourteen  pressure  points  listed  in  Table  19-1.  At  all  times 
the  standleg  purges  above  the  butterfly  control  valves  were  controlled 
to  provide  seals  against  regenerator  gases  leaking  into  the  gasifier. 

4.2.9  Heater  Corrosion 

During  Run  17,  a  form  of  corrosion,  referred  to  as  metal  dusting, 
was  found  to  be  occurring  in  the  gasifier  boot  recycle  gas  heaters. 
Metal  carburization  was  the  apparent  cause  of  the  corrosion.  To  elim- 
inate the  problem,  steam  was  injected  into  the  gasifier  recycle  gas. 
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The  steam  represented  30  to  60  percent  of  the  total  flow  when  the 
heaters  were  operated  at  1500  F.  Based  upon  ultrasonic  thickness  mea- 
surements made  after  each  run,  the  heater  tube  corrosion  was  eliminated. 
The  steam  controls  the  corrosion  in  two  ways.  First,  it  provides  a 
protective  oxide  film  on  the  inside  of  the  heater  tubes.  Secondly,  it 
adjusts  the  gas  composition  so  that  the  following  carbon  deposition 
reactions  do  not  occur: 

2C0  ^  ^^2  "^  ^ 

CH.  *-  2H^  +  C 

4  2 

4.3    PROBLEMS 

4.3.1  Intermediate  Fines 

A  new  process  problem  was  recognized  during  Run  21  which  had 
gone  undetected  in  previous  runs.  Throughout  the  run,  fines  (non-char/ 
non-acceptor  material)  accumulated  in  the  gasifier  char  bed.  Eventually, 
the  fines  increased  to  a  level  which  destroyed  the  operating  stability 
of  the  transition  section  and  caused  the  plant  to  be  shut  down. 

The  accumulated  fines  were  predominantly  -28  by  +65  Tyler  mesh 
material  which  had  a  density  of  135  LBS/CU  FT.  With  the  present  plant 
configuration,  material  of  this  size  range  and  density  is  trapped  with- 
in the  system.  The  regenerator  velocity  is  not  sufficient  to  strip 
particles  larger  than  65  mesh.  Particles  smaller  than  28  mesh  cannot 
be  purged  from  the  gasifier  with  the  rejected  spent  acceptor.  There- 
fore, the  intermediate  fines  material  can  only  circulate  through  the 
fuel  char  line  to  the  regenerator,  back  to  the  gasifier  with  the  cal- 
cined acceptor,  and  accumulate  in  the  char  bed.  Although  the  accumula- 
tion rate  was  low  (about  four  pounds  per  hour) ,  the  level  at  the  end  of 
Run  21  was  27  percent  of  the  char  bed. 

The  fines  were  derived  from  mineral  constituents,  particularly 
quartz  sand,  in  the  lignite  feed.  Upon  microscopic  examination,  many 
of  the  fines  were  revealed  to  be  a  sand  particle  surrounded  by  adhering 
acceptor  fines. 

In  a  commercial  operation,  the  intermediate  fines  would  pose  no 
problem.  For  example,  part  of  the  gasifier  char  bed  could  be  period- 
ically or  continuously  withdrawn,  ground  to  -100  mesh,  and  used  as 
regenerator  fuel.  A  char  removal  system  is  now  being  built  for  the 
pilot  plant.  This  will  allow  plant  operation  for  longer  periods  than 
that  achieved  for  Run  21. 

The  intermediate  fines  buildup  was  monitored  by  a  recently 
developed  technique  for  determining  the  percent  acceptor  in  samples 
of  the  gasifier  char  bed  and  the  regenerator  fuel  char.  The  procedure 


27 


involved  burning  a  20  gram  sample  in  a  muffle  furnace  and  then  screening 
the  residue  through  an  80  U.S.  standard  mesh  screen.   Since  the  char  ash 
is  friable  and  passes  through  the  screen,  the  +80  mesh  fraction  re- 
presents non-char  materials.  For  determining  the  percent  acceptor,  the 
new  technique  does  have  limitations.  Results  are  influenced  by  the 
amount  of  adhering  char  ash,  percent  intermediate  fines  material,  and 
the  acceptor  activity  for  which  correction  is  usually  not  made.  However, 
the  analysis  does  approximate  the  percent  acceptor  in  the  mixtures  and 
trends  can  be  easily  determined. 

The  fuel  char  analyses  reported  for  the  three  runs  were  obtained 
using  the  new  technique.  To  obtain  accurate  data,  samples  are  tediously 
hand  separated  at  Conoco  Coal  Development  Company's  Research  Center  in 
Library,  Pennsylvania.   Since  the  separations  are  time-consuming, 
usually  taking  a  week  or  longer  to  perform,  only  a  very  few  represen- 
tative samples  for  specific  balance  periods  are  analyzed. 

4.3.2  Deposits 

During  all  three  runs,  deposits,  which  were  principally  agglo- 
merated dead-burned  dolomite,  formed  in  the  gasifier  boot.   The 
amount  of  this  material  varied  from  50  to  80  pounds,  depending  upon 
the  run.   (See  Tables  19-26  and  19-27  for  compositions).   The  presence 
of  the  dead-burned  dolomite  indicates  that  the  deposits  were  formed 
early  in  the  runs.   The  buildups  apparently  did  not  affect  the  opera- 
tion of  the  boot  until  a  major  process  upset  occurred  which  in  some  way 
changed  the  boot  gas  distribution. 

Examination  of  the  deposits  showed  that  the  individual  particles 
were  cemented  together  at  points  of  contact.   In  order  to  obtain  a 
quick  estimate  of  what  the  "cement"  or  "glue"  was,  part  of  the  Run  21 
deposit  was  crumbled  and  screened.  As  shown  in  Table  19-27,  the  fines 
fractions  which  should  contain  higher  percentages  of  the  glue  mate- 
rial were  high  in  silica.   Therefore,  the  "glue"  may  be  ash  derived. 

There  is  also  evidence  that  poor  gas  distribution  played  a  part 
in  the  formation  of  the  deposits.   The  largest  buildups  were  always 
behind  the  recarbonated  acceptor  outlet  line,  CD-204.   This  is  an 
area  which  is  somewhat  shielded  from  gas  flow  by  the  protruding  pipe. 
Modifications  to  the  boot  gas  distributor  are  being  considered  as  a 
means  of  eliminating  the  deposits. 

During  Run  20  a  large  deposit  of  agglomerated  acceptor  and  char 
ash  formed  in  the  gasifier  transition  section.   This  deposit  resulted 
from  the  unusual  conditions  of  the  Run  20  shutdown.   When  the  cyclone 
dipleg  fell  into  the  gasifier  boot,  the  char  bed  defluidized.  Then  in 
order  to  hold  the  char  bed  temperature,  a  small  amount  of  air  was 
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momentarily  admitted  to  the  gasifier.  The  air  was  quickly  removed  when 
the  transition  temperature  increased  from  about  1500  to  1945  F.  The 
high  temperature  probably  resulted  in  ash  slagging  which  agglomerated 
the  acceptor  in  the  transition  section.  Significantly,  no  transition 
zone  deposits  were  found  after  the  end  of  the  much  longer  Run  21. 

Only  minor  deposits  were  found  in  the  regenerator  following  each 
run.  A  small  amount  of  dead-burned  dolomite  agglomerated  in  a  dead 
area  below  the  air  distributor  forming  a  steeper  cone  in  the  bottom 
vessel  head.   Also,  a  small  deposit  of  fused  char  ash  and  acceptor 
formed  during  each  run  below  the  char  inlet  line.  Neither  deposit 
adversely  affected  the  operations. 

4.3.3  Fuel  Char  Transfer 

At  times  during  all  three  runs,  the  regenerator  fuel  char  trans- 
fer could  not  be  reliably  maintained.  Most  losses  occurred  early  in 
the  runs  when  the  char  transfer  was  first  being  established.  As  the 
runs  progressed,  the  fuel  char  feed  became  stable.  The  transfer  losses 
were  apparently  due  to  the  pressure  balance  on  the  char  standleg, 
CO-202.  This  pressure  balance  affects  the  amount  of  gas  flowing 
through  the  standleg  against  the  direction  of  the  char  flow.  As  little 
as  10  SCFH  gas  flow  will  fluidize  and  strip  the  char  from  the  char- 
acceptor  mixture.  Therefore,  solids  bridging  and  the  formation  of  gas 
pockets  can  easily  occur  in  the  line. 

Standleg  stability  was  maintained  during  Run  19  by  supplying  a 
small  purge  at  the  upper  end  of  the  line.  This  apparently  stripped 
some  fine  char  from  the  fuel  char-acceptor  mixture  as  the  material 
entered  the  line.   By  increasing  the  coarseness  of  the  standleg  mate- 
rial, the  solids  bridging  and  gas  bubble  formation  were  eliminated. 
During  Runs  20  and  21  the  char  transfer  became  erratic  after  the 
gasifier  char  bed  density  dropped  due  to  the  use  of  lignite  feedstock. 
Dependable  transfer  was  maintained  after  system  pressure  upsets  were 
eliminated  during  Run  20.  For  Run  21,  the  transfer  was  regained  by 
blowing  solids  out  of  the  standleg  with  purge  gas  and  then  allowing 
the  line  to  refill.  The  line  was  cleared  between  the  S13A  (third 
floor)  sample  station  and  the  gasifier. 

4.3.4  Acceptor  Circulation 

The  rate  at  which  calcined  acceptor  could  be  transferred  from 
the  regenerator  to  the  gasifier  decreased  as  each  run  progressed.  This 
became  a  severe  handicap  during  Run  21  since  the  circulation  rate  was 
only  sufficient  to  maintain  the  gasifier  char  bed  temperature  at 
1480  F.  Differential  pressure  measurements  indicated  that  the  accep- 
tor transfer  through  the  4-inch  standleg,  CD-206,  was  governed  by  the 
rate  at  which  solids  could  enter  the  line.  Circulation  may  be  limited 
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due  to  the  presence  of  a  bend  in  the  upper  section  of  the  line.  This 
bend  was  caused  by  either  sagging  of  the  line  in  the  regenerator  re- 
fractory or  by  thermal  expansion  of  the  line  against  the  refractory 
in  previous  runs. 

However,  calculations  based  upon  laboratory  data  for  solids  cir- 
culation through  a  3- inch  ID  60  degree  sloped  line  indicate  that  the 
line  is  being  operated  near  capacity.  This  is  due  to  the  increased 
number  of  cubic  feet  of  material  which  must  be  circulated  as  the  dense 
dead-burned  inventory  is  changed  out  with  fresh  acceptor.  Plans  are  to 
replace  the  4 -inch  line  with  a  6- inch  line. 

4.3.5  Expansion  Joints 

The  three  run  series  was  marked  by  failures  of  the  external 
pressure  jacket  expansion  joints  on  several  of  the  double  walled  hot 
lines.  The  304  SS  expansion  joints  on  the  recarbonated  acceptor  stand- 
leg,  CD-204,  and  the  gasifier  side  flow  line,  CO-203,  developed  leaks 
during  Run  19.  The  CD-204  expansion  joint  was  replaced  with  an  identi- 
cal unit  from  the  gasifier  system,  and  a  new  304  SS  expansion  joint  was 
installed  in  the  CO-203  line. 

During  Run  20  the  expansion  joint  on  the  calcined  acceptor 
standleg,  CD-206,  failed  and  was  replaced  with  a  new  joint  made  of 
Incoloy  825.  The  metallurgy  was  changed  since  metallographic  examina- 
tions showed  that  the  previous  failures  resulted  from  chloride  attack 
and  stress  cracking.  As  a  precaution  against  further  failures,  spare 
expansion  joints  of  solution  annealed  Incoloy  825  alloy  have  been 
ordered  for  all  critical  lines. 

4.3.6  Slip  Joints 

In  Run  16  severe  erosion  of  the  two  acceptor  lift  line  slip 
joints  occurred.  To  improve  the  service  life,  several  abrasion  resis- 
tant materials  have  been  used  to  line  the  cone  shaped  slip  joints. 
The  materials  tested  to  date  include:  Chrome  carbide;  nickel  alumi- 
nide;  and  Stellite  12.   Both  the  chrome  carbide  and  the  nickel  alummide 
are  flame  sprayed  materials  while  the  stellite  is  weld  overlayed  on 
to  the  cone  surface.  The  stellite  coated  slip  joints  were  the  most 
satisfactory.   Inspection  of  the  lower  slip  joint  showed  negligible 
erosion  had  taken  place  between  Runs  17C  and  19.   Following  Run  21 
both  slip  joints  were  inspected.  Small  areas  on  both  slip  joints  had 
eroded  and  were  weld  overlayed.  Since  the  erosion  rate  is  highly 
sensitive  to  the  lift  gas  velocity,  most  of  the  erosion  probably  occurred 
near  the  end  of  Run  21.  To  elutriate  fines  from  the  regenerator  bed, 
acceptor  was  circulated  and  the  lift  gas  rate  was  increased  from 
53,000  SCFH  to  97,000  SCFH  (50  FT/SEC  to  91  FT/SEC). 
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As  a  safety  precaution  the  double  walled  lines  which  carry  hot 
solids  are  painted  with  a  heat  sensitive  material.  This  allows  the 
detection  of  possible  erosion  damage  to  the  internal  liner.  Should 
erosion  occur,  gas  bypassing  and  thinning  of  the  insulation  around 
the  inner  liner  would  cause  visible  discolored  areas  on  the  outside 
pressure  containing  pipe.  During  all  three  runs,  hot  spots  developed 
on  various  lines.   Insulation  voids  were  responsible  for  all  the  Run 
19  hot  spots.  The  location  of  these  were:   (1)  On  the  fuel  char 
standleg,  CD-202  (third  floor);  (2)  on  the  acceptor  lift  line,  CD-208 
(fourth  floor);  and  (3)  on  the  calcined  acceptor  standleg,  CD-206 
(sixth  floor)  .  During  Run  20  insulation  voids  regain  caused  hot  spots 
on  the  acceptor  lift  line  (third  floor)  and  on  the  gasifier  side  flow 
line,  CO-203  (below  XCV-2013) .  Other  hot  spot  causes  were:   inadequate 
insulation  in  the  cone  end  plate  area  of  the  gasifier  tee,  UAD-205;  and 
failure  of  end  plates  on  both  the  acceptor  lift  line  (below  flange  with 
XCV-2010,  and  the  calcined  acceptor  return  line,  CD--204  (at  flange  with 
LCV-2003) .  Again  during  Run  21,  insulation  voids  caused  hot  spots  on 
the  acceptor  lift  line  (at  flange  below  XCV-2010)  and  on  the  fuel  char 
lift  line,  CO-204  (just  below  sixth  floor) .  None  of  the  hot  spots  posed 
a  threat  to  the  operation  of  the  plant. 

4.3.7  Lignite  Scalping  Screen 

The  operation  of  the  lignite  scalping  screen  which  separates 
ground  lignite  into  fines,  oversize  and  product  was  not  reliable  during 
Run  19.  Steam  backf lushing  from  the  preheater  caused  plugs  in  the 
fines  and  oversize  lines.  To  eliminate  the  steam  backf lushing,  a 
second  star  feeder  was  installed  in  series  with  the  existing  feeder 
between  the  preheater  and  the  screen,  and  the  space  between  the  two 
feeders  was  purged.  Since  these  modifications  provided  a  seal  against 
the  preheater  steam,  the  scalping  screen  operation  became  almost  trouble 
free  during  the  following  Runs  20  and  21. 
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5   FUTURE  PLANS 

Because  of  the  fines  accumulation  problem,  a  char  removal  system 
will  have  to  be  installed  if  runs  of  long  duration  are  to  be  attempted. 
Therefore,  a  limited  objective  run  will  be  made  to  determine:   (1)  the 
feasibility  of  using  100  percent  steam  as  the  gasifier  boot  fluidizing 
medium;  and  (2)  the  effect  of  the  steam  on  acceptor  activity.  Following 
this  run  the  plant  will  be  shut  down  for  an  extended  turnaround.  The 
turnaround  will  include  the  installation  of  a  gasifier  char  removal 
system,  replacement  of  the  regenerator  refractory,  modifications  to  the 
gasifier  quench  system,  and  installation  of  tie-ins  between  the  new 
methanation  facilities  and  the  present  plant. 
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PHYSICAL  PARAl'lETERS 


Reference 
Point  Numbers 


I.D. ,  Inches 


Standlegs 

A  (Fuel  Char) 

B  (Recarbonated  Acceptor) 

C  (Calcined  Acceptor) 


12-2 

5-4 

11-9 


Solids  Flow  Control  Valves 

Fuel  Char 

Recarbonated  Acceptor 
Calcined  Acceptor 


12-13 
5-6 

11-1 


Lift  Lines 

D  (Recarbonated  Acceptor) 
E  (Fuel  Char) 


6-7 
13-14 


Figure  19-4.   PRESSURE  BALANCE  DIAGRAM,  RUN  21 

36 


o 

00 


00 

00 


Q 

c 


fO      ^^      cNj      in      00 
>0       rt      00       n         I 


m     tn     m      fsi 


o 


*    X 

a. 

B 


<NI        <N        CM 


B 


CO 


*   X 


00     en     iri     CT^ 


C/5 

< 


CL    X 
Q 

B 


f-l 

I 


■*        ^        00 


O 

< 

PC 

Ui 

Z 

m 
u 
w 

Qi 

Di 
O 


*    X 
Oi 

B 


O      1^ 
r~     o 


CT^      r-j      O^      00 


CM     tn     tn 


vD       ^^       CT^       00 


u 
< 
< 

CQ 


cu  X 
a 

s 


O  ti^  ^-4 

m      -H      ^ 


a. 

o 


Oi 

I/) 

CO 

w 

Di 

a, 


V 

u 

B  4J 

41  B 

H  -rt 

«l  O 

«H  a. 


> 
o  -> 

^     (0 


I 

C7> 


lU  c 

M  O 

3  -^ 

tn  4-> 

<n  a 

41  u 

M  o 


37 


C-,  00  CO  <r  <r  <r  vo  r-  as  o  o  o  r-^  r^^  ^^  r^. 

o  vo*  c«*  en*  CO*  -;  ^  CO  5  r:  °  ""  S  S  S  2 


in 


o 

• 

00 
in 


4-1 
O 


o 

o 
C 


00  in  -^  o  o  00  c^  vo  ^  0--  o  cr^  o 


o 


o  ^*  in*  in*  <f  <f  o  cN  CO  rj,  o  ^  o  M  --' 


Csl 


C/5 


°o.   O  ^  vo  CO  CO  CO  O  O  OS  CO  O  O  CO  00^  ^^  O 

£        ^SS;^^--^^        S-o.c^ 


CO 
LO 

Di 


O^ 


C3^ 


o 

csi 

CL,  X 

o 


o 

cs 

3: 


0 

cs 

CU    X 

p 

1= 

t-l 

01 

0 

C    -M 

q;    P 

VJ     -rH 

(U     0 

4-1  a< 

a> 

oi 

QJ      C 

U       0 

0    -H 

CO      4-1 

QJ 

(/)     03 

c 

4-» 

<u    0 

D 

OJ 

M     0 

Pi 

0 

a,  hJ 

CO 

• 
I— ( 
CO 


00    o 

CO     lO 
^>-     CM 


,^  as  r-  o  o  CO  o  cs  ^^  as  o  ^^  '^^  ^,  ^. 
•  ^^  +  -V  -h^oor^r--00<-siOCNj 


o  CO  CO  (-^  .^  ^  si,  cs  ^  o  o  o  ^^  -:  ^.  ^. 

o  o*  "^*  ^*  o*  c^*  CO*  -^  a-  r^  o  o  ^  as  so  ^ 

vUQOsDCN-.sO-'COsO  ScSOJCNl 
,-ICNOOCOCMCNII 


in 
m 


„  o  o  ~  o  <^  <.  «  o  ^_  o  ^_  ."_  ■?  o 


^cv4co<rinsor^ccasCTs^ogojco-£; 


CSl 

Csl 

CO 

CO 

^^ 

0-4 

<-siro<rmsOr--oocTsO 


oj  CO  <f  00 


bO 


CO 

O4 

0 

in 

r-l 

«w 

0 

cu 

u 

0 

CO 

• 

W 

Ou 

CU 

TD 

)-i 

CL  -D 

(U 

0) 

VJ 

W 

P 

ct! 

w 

^ 

CO 

cu 

0) 

e 

> 

0 

, — i 

J3 

CO 

CO 

p 

4-1 

QJ 

0 

U 

<: 

P 

^ 

Ifl 

in 

01 

M 

CU 

I — I 
CO 

< 
u 

I 
I 

Di 

o 

z 

tu 

w 

cc 
o 
u- 

w 
u 

< 
oa 

w 
oi 
:= 
CO 

CO 

w 

Cu 


cn 


38 


o  o  o  o 

o 

o  o 

(w  in 

o  o 

sO    O^   CO 

O  "-»   <f    -J 

cr 

^O   f^ 

vO  \0  CT-   O 


.   -^  nO  00  O 


O   00   1-1   r-    r~    *n 

O   --J    O   00   CO   r^ 


o  o  o  o 
O  u^  o  o 

O^    sO    00    CO 


o  o 
o  o 

CO  o 


O   CO   f^   CT-    f^l   CO 
O   00    -^   \0   i^    «^ 


o  o  o  o 
o  o  o  o 

CO   r-    O   -CT 


O   CT*    O   O^    — •   f^ 
O    O   rvl   O   0~>    O 


O   t^  O  CO 

u^   r^  r-i  in   o 


O  r--  (^  CO  tn  r~. 

O   O   f^   O   CT"    vO 


O   O   O 

I  sD  o  <r 


o  o  o  o 
o  o  o  o 

O  vO  o  ^ 


CO  'JD  o   <]■ 

-T    -O   — I  O   CO 


O 


o  o  o  o 

O  O  m  o 

^D    r^    O'    fM 


o  o  o  o 
o  o  o  o 

fO   >0   CO   O 


I        o  o 
o  o 

1  o  -J-  <^ 


<r  o 
<-M  o  o  -J- 

^o  00  -J        in  <r 


sD   CO    . 

-'  o 


O  rn    -7    <r    (-1    in 

o  — '  <r  o^  CO  sD 


O  -J  r-  m  I 
O   CO    ro   O    I 


o 

CO 


o^ 


o  o  o  o 
o  o  o  o 

\0  '~i  r^  O^ 


o  o 
o  o 


o  — ■  -J  --  cr  »n 
o  o  f-i  --  o  <r 


2 


o  o  o  o 
o  o  o  o 
vo  ^  in  <r 


o  o  o  o 
o  o  o  o 

fsi  r-  <r  s£> 


o  o  o  o 
o  o  o  o 

in  00  oo  r-. 


f^   O^    O   -3" 

^O    ^D    ^  1 

~-i   O  > 


o  o 
o  o 

■£>  o 


O   *0    O    -J   <T    O 

o  o^  <r  00  <~^  -J- 


O  <T-    vO   CO   00    O^ 

o  CO  m  ,o  <r  f^ 


O  cr-   o  O  O    -« 

o  o  >T  f^  CO  <r 


< 
< 

Q 

w 

(—1 

PU 

C/3 

< 


o  o  o  o 
o  o  o  o 
— <  in  -J'  sD 


r--  r-   o  -* 

r-  vO   .-J         o  <~~i 
.       .  OS    OS 


O   O   O   (~^   OS    (^ 

G    CO   r^   (J-    <t    <t 


o  o  o  o 
o  o  o  o 

-"  »n   ^  O 


O  O 
O  O 

^  o^ 


r^  sO   O  -* 
%0  CO   — <         m  CO 
■      •  C*  O 


o  o  o  o 
o        o  o 

00  CO  o 


—  c  ^  <r 

sO  r-   ^        O  OS 


O   O  O^    sD    — '    --I 
O  "^  ro  CO  — '  <^ 


O     V) 


U   X   CfH 

w  u-  a  X 

U  V)  ti. 


a>   C*!    -o  u- 


W    ^      >.    QJ 


a*  *j   o  w        — <     -  — ' 


e  *J    41   o    <u  ^ 


*j  -.  T3  c  Tj  e  ■ 

•^  <U  0)  (U  lU  <v 

•U  >  CO  o  to  t-  I 

e 

U  O  «l  O  fli  o 


Q     q;     O) 

u  o  o 


39 


^      o 


O  -"  o 
<NI   sO    o 

o^  o  ^ 


o  o  o  o 

o  o  o  <^ 

00  ^  r--  ^o 

0*0  0*00 


o  o 

o  o 
in  o 


O  r^  "*  O   — «  CO 


O  o  O  O 
O  o  O 
in  r^  cNi 


'■  o 


o  o  o  o 

o  o  o  o^ 

o*  fn  %o  CO 

en  *o  r-  so 


o  o  o  o 
o  o  o  -* 

r^  p^  O  •-' 


o  o  o  o 

o  o  o  o 

^  (N  — <  CO 

sD  r^  r*  O 


o  o  o  o 
o  o  o 
-H  <r  -J- 


o  o  o  o 
o  o  o  fn 

r—  m   r^  cN 


O  O   O  O 

o  o  o  o 


o  o  o  o 

O  O  O  r- 
O   r-^   '^  CO 


O  O  O  O 
O  O  O  00 
in  00  (^  C* 


o  o 
o  *o 


o  o 
o  -^ 
tn  in 


(^ 

sO 

o 

m 

rO 

00 

in 

m 

sO  o^  oo  n   in  in 
\0  nO  r^  O 


O  O 
O  O 
O  r-. 


O  O 
O  O 


O  O 
O   O 


O  O 

o  o 

in  o 


^  (n 
o^  in  CO  fo  u^  *o 


m  r-  00  fo  CM  o 
CO  O  CO   --t 


OJ  I.O  00  <*i  o  o 


a*  m  o  ("^ 


cNi  nO  (^  <r  *o 

rsi  r^  csi  in  <N 
^        ^  ui  ^ 


O   O    f*4   CO   ^    ""^ 
O   (^   <^  'C  O^  "^ 


O    <^    CO    O   fN   CO 

o  <N  r-  00  c^  o* 


Q   ^O  CO   \0   "^  o* 


O   *0  CO  O*   O   I 


O    "— '   f^    f^    CO    "C 


O   f^   \0    -^   (*1    00 


O   Qv    O^    r-.    -O    O^ 


o  fn  ^  o  f^  ^ 


O  O   -J"  i*^   o   ^ 


O  00    -^  O^   rsj   O 
O   lA   CO   0^    O   O 


o 

0) 
C/5 


o 


c« 


< 

Q 

ds 

u 
I— I 

CO 


J3 


<u    c<*i    -^  ti. 


^ 

3> 

to  u. 

U 

X 

3 

•l-< 

(J 

CO 

u. 

w 

^    >t 

<U     fl) 

o 

.  CO 

u 

X 

X 

—*     4-> 

t-1     !-• 

CO 

£ 

u. 

3     (U 

0,1    u 

Q>            * 

<u 

CJ    X 

c 

o 

>%  o 

X  % 

D     0 

•o 

00   b. 

>-4 

>,  c 

u 

-H     4-1 

•H 

<u 

a 

c 

•H      <U 

*J     (W 

U     V 

4   a. 

>1  s 

CO 

•o 

.  CO 

3 

0 

o   > 

•-*  a 

<U   fr- 

J^ 

>   <u 

<N 

o    <u 

0^     4J 

o 

CO 

<u 

0 

01 

*J 

o 

c  -o 

g-^ 

<9 

0 

4J 

(Q 

oc  o 

OC    LO 

iJ 

<J     4J 

u. 

(Q 

01     01 

OJ    <u 

^  ^ 

tf 

c  < 

» 

0 

(fl 

>s    1- 

tf 

TS 

^    CO 

Q   to 

H  eo 

•o 

(/) 

•  H 

o 

B 

4-> 

<y 

U     "U 

c 

4 

c« 

oo 

<u    p 

« 

4J 

o 

4-*       U 

*J      M 

*J    t-l 

2            ...            , 

T3     <U 

01 

O     0 

o   o 
oo  an 

4-> 

< 

i-i 

oc  - 

(2 

c 
> 

u 
TJ 

0     «J 
0   ^ 

OQ    U 

o    <0 
0  £ 

aa  u 

O     fl 
O   £ 

aa  u 

t-l     r^O   O     <^  <^X 
0*  O  U  U  Z  X  u 

£ 

1-1 

3 

» 

0 

x: 

01 

CI. 

iM 

I-I 

cc: 

a 

>-> 

o 

>^ 

01 

^ 

-o 

IM 

V 

■o 

Q) 

»-• 

O' 

MH 

o 

(0 

>^ 

>. 

o 

^ 

^ 

•o 

t3 

e 

01 

4J 

c 

••H 

e 

tJ 

3 

0) 

'U 

c 

ss 


40 


o  o 
o  o 

O   -J 


'  o  o 
o  o 

o  -^ 


o  »J  o 
in  o  o^ 


o  o       o  o 
O  OO        o  o 


o  o       o  o 
o  o       o  o 


o  o       o  o 
o  o      o  o 

fN  pg         o  O 


o 

8 

O 
O 

-J 

O 

o 
o 

o 

o 

•J 

^ 

o 
o 

O 
O 
\0 

o  o  o 

O  O  u-> 

m  o 


o  o  o 

o  2  ov 

r>  O 


o  o       o  o 
o  o       o  o 

•J"    O  00   ^ 


o  o 

O    ^0 


o  o       o  o 

O   CO  O   O 

r^  — >        <r  CO 


o  o       o  o 

O   00  O   O 

^O   -H         00  CO 


o  o 
o  o 
o  o^ 


o  o 
o  o 

O  r- 


o  o 
o  o 
o  o 


O  sO  o  o 

O    —I    -^   vj 


O  CT>    ^O  I 
O  rvi    J  I 


O   ^   O  sO 
O  m  CO  00 


o  00  CO  <r 
O  rn  \0  o* 


O   vO   O  -T 


O    ^0    03    ^ 

O  fM  r^  a* 


o  o  o  o  o 

ro  fO  in  o  m 
^  in  CO  o  fN 


o  o  o  o 
o  o  o  o 
in  fNj       <r  o 


o  o  o 

O    O  i/^ 

en  o 


o  o 
o  o 

O   CO 


o  o 

o  o 


o  o 
o  o 

O  \0 


o  o 
o  o 
o  o 


o  o 
o  o 


o  o 
o  o 
o  <r 


O  O  CO  (N 
O  (N  lO   — * 


O    ^   -t   u-> 

o  -J  o  a* 


O  -J  00  00 
O  f^  o  o^ 


o  1^         — <  f 


o 


en 


2 


lo 


u    o    v   u 


bL4   £  U    b 


a.  a.  Q.  1^ 
<u    «    a> 

O     (J     O   J3 


p     O     <fl     V*   OS    < 

'  ■<  u  < 


0^6 


t-i     rstO  O     fM 

a»  o  (J  o  2 
o 


4-t 

00 

•ft 

•o 

^^ 

(U 

^ 

3 

o 

4 

>. 

>. 

X 

O 

^ 

J3 

XI 

•o 

-o 

■D 

ID 

c 

■U 

<IJ 

c 

C 

C 

••-) 

X 

g 

1 

1 

4J 

a> 

4J 

«j 

4-1 

c 

S 

&&& 

41 


o  o  o 
O  o  in 


o  o 
o  o 

'-I  CO 


,,  .,  n: 


O   CO   O   ' 
o  f^  «^ 


o  o  o 
o  o  o 
sO  <x>  <-* 


o  o 
o  o 

O  00 


^       o 


o  o  o 
o  o  o 

•X)     C^    i-* 


o  o 

o  o 

O   -J 


— '         o 
r^        o 


o  o  o 
o  o  o 

^o   °o  <— ' 


o  o  o 
o  o  o 

sO    00   --< 


o  o 

O   00 
O  r- 


o  o 
o  o 
o  o 


o  o 
o  o 
o  ^o 


o 


o  o  o 
o  o  o 


o  o 

O  (*^ 


o  o 
o  o 
o  o 


o 

C/3 


C7> 


o^  o  o 

o  o 

X  vD  <r 


o  o 
o  o 

O   (^ 


O   O^    CO   f^ 
o  <^  -^   t^ 


O  O    u-1 

o  o  r- 

sD  CO 


o  o  o 
o  o  o 


o  o  o 
o  o  o 


o  o 

o  o 

CO  o 


o  o 
o  o 

O  "^ 


o  o 
o  o 

o  cr 


O  CN  CO  o 
a  <r\  -^   r^ 


< 

i 

OS 

o 

u 
z 

w 

OS 


o  o  o 
o  o  f^ 

«fi  O    '-' 


o  o 
o  o 


o  o 
o  o 
o  o 


O   f^   'S'    "J 
o   --^  -J  ■* 


to 
I 


'  '    O  O   ''^ 
O  O   f^ 


o  o 

O   00 

o  o 


x:    -  ^ 

"^    C  Ou 

J3     O  «U 

^  ^  ^  u 

o        w  y 

o      -    «t  < 

4j   a-* 

tf)     3     3  -D 


U         CO 

o  < 


to    O  -<^    C    u 

J     4J    J    ^      >.       - 


'  o  o 

'  o  o 

o  o 


o  to  O  — ' 
O  <^  fO  -3" 


e:  ^  e       -^ 


a  X  to   c  (J 

CO  U.          H-t  w 

-  W    C    J  - 

4J            0)0  0^ 

-*      -    00-'  " 


i<Ut-i  O'-'OOWC"-'* 

,     o     to  U  GC    <     KDi'-'Z*J 

y   X:  -^  3 

.  <  o  <  a- 


<0 

E 

00 

V 

(U 

c 

E 

3 

•o 

a  iJ 

CO 

0 

c 

09 

0) 

<u 

<U 

•o 

e 

E 

a. 

<u 

)-• 

rt 

3 

OJ 

J.J 

3 

jj 

(A 

(0 

«u 

4> 

<U 

E 

1^ 

01 

s 

3 

M 

» 

to 

O. 

a> 

o 

0) 

u 

C 

(J 

a. 

•  H 

o 

>^ 

£ 

^ 

W 

00  (M 

U4 

•H 

•D 

■H 

V 

w 

Of 

i»l 

» 

o 

U 

>% 

>» 

>. 

U3 

^ 

Xi 

^ 

t3 

T3 

•o 

C 

<U 

V 

<u 

c 

C 

c 

■■-1 

••-1 

•  iH 

X 

£ 

E 

E 

iJ 

M 

'•4 

0) 

v 

V 

u 

4J 

c 

a> 

v 

a> 

V 

o 

o 

o 

G 

H    >  -O   O    CO   < 


.~t  t^  f\   -^ 


42 


00  •-> 


o  o 
o  o 

0>     <N| 


oo  r- 

e^  O  r^  f^ 

•-^  00                iTt  r^ 

•^  O                -J   -J- 

o  m  CO  •*  o  fo 

r>. 

o  o 
o  o 

-«  o 


O  O^   -^  vj    ^   rsj 
O   04   CO    sj    o   <T 


0000 
000 


O  O^   O  lA  m  (^ 
O    fN)    c^    ^    O    fO 


o  o 
o  o 


O  c^  I 


CO   O    -•   O 
>   O   -«  <f 

^  -J-       -J- 


0000 
000 


O   — •  O  (^  00  o^ 
O   li^   O^   r-    <!■   f^ 


0000 
000 
rs    O  CO 


O  r-  -"  -I  O   . 

o  -J  CO  in  CO  ■ 


o 


0000 
000 


o  o 

I        o  o 

<    <D    <T   O 


O   O^   (*1   0»    (SI   I 
O  -J"  CO  in  r^  I 


2: 

D 
OS 


o  o 

^£>    O 
O   fO 


0000 
0000 

-J   r-   fsi  v^ 
— '  ir>  fo  CO 


0000 
0000 

<r  '-'  o  CT^ 


o  o 

o  o 


o  o 
o  o 


O   -J 

^O  m    o^  rn 

C  CO  O  ("-J 


o  fM  m  o  <r  — ' 

O   O^   CT*   m   O^    r^ 


O   O   ^D   -J    O   O 
O  r~-  m  ^   — t  ^ 


< 

Q 

w 
I— I 

[X. 

I— i 

< 


0000 

0000 

O  r-.   00  m 


>  -^       _. 


O  O  r-   I 

o  a>  fo  I 


I 

en 


0000 
0000 

-J    fN|   0-1    rsj 


O   in   rg   in    — I   r- 

o  — '  <j  <r  ^  r^ 


43 


0000 
0000 
o  o  o  en 


m  -H  O  -J- 

-J  o^  ^        o  —■ 

•  •  -3-  n£) 

—  O  CM  ^ 


O  00  O  r-   in  o 
O   '^  in  <j  CT"   -J- 


100 


fsj  00  O  >J 

■n  r-  ^          O  sD 

•  ■  a.  vo 

-<  o  O  fN 


O  O  O  1.0  ^  rO 


3  -a 


-    «) 

;   <u  > 


X"  -o  4J  a, 

V  a>  (u  B 

a>  Qj  (u  p 

U.  Uh  X  O 


u  X  u. 

(^^  £*,  O  X 

t_?    t/5  U, 

41      -  qj 

-H    ^-.    tJ  - 

o  e  -^  (u 

>,   CO   C/l  -O 


ri  PC  w  4-« 
o  e 

-H      *J      4J       (0 


o  X   c  a 

t/l    Cl.     M     W 


>N      O  -       (/I       iJ 

JJ  -^    >*  c    <0 


*j  ^  -O  C  TJ  e  ID 

•r4  01  a>  0)  <u  a>  01 

•a  >  CO  Q  03  f-  OQ 

O  *-i  i^  ij  u  *^  ^- 

CJ  O  (Q  O  CO  O 


»-i      (NO    O      (N|    rsjX 
41   O   O   U    2    X   U 

o 


7: 

^ 

at 

k< 

ai 

w 

a. 

u 

0 

X 

V 

1-1 

J3 

•0 

iw 

a> 

•rt 

•0 

V 

h 

« 

IM 

0 

4J 

>, 

X 

U 

jO 

JO 

■C 

•D 

c 

j-t 

B 

« 

>. 

fe 

«J 

0 

4> 

^ 

4J 

c 

^ss 


43 


o  o 

O   <T- 
00   <T 


,, 


o  o 
o  o 

o  -• 


o  o 
o  o^ 


o  o 

O  O 

o  o 

O  CO 

ao  —1 

00  ^ 

o  o 

O   --' 


B         O  O 
O  O   CO 


o  o 
o  ^ 


o  o 
o  ^o 


o  o 

o  o 

00  -t 


o  o 
o  o 
o  o 


o  o 
o  o 

o  o 


o  o 
o  o 

en    lA 


o  o  o  o  o 
c-sj  m  u~t  o  o 
^  in  CO  r-  <T' 


o  o       o  o 
o  o       o  o 

O  r-4  O  r- 


o  o 

o  o 

O   — ' 


o  o 
o  o 

ro  O 


O  r-  O  (N 
O  ^  <J0  o 


o  o  o  o 

Q  CM  r-   ^^ 


O  O-   O"   r^ 
O  <^   f'-   O^ 


O  >J   f^  -^ 
O   — *  CO  O 


O  r-  '^   r~- 
O  c-4  ^   O 


£  O  CO 
O  O  * 
.^  m  o 


'S: 


o  o 
o  o 

o  o 


o  o 
o  o 

O    ■>! 


o  o 
o  o 


O  u^   O   "^ 

o  <^  o  o 


O  nD  <t  o 

O  <N   CO  C* 


O   °0   -J    00 
O   (N  00   CO 


o 


oi 
o 

B 

z 


LD 

I 


e 

a  4J 


3  -o 

VI     to 
tt     Q) 


o   a. 


U  X  v>    c  o 


QJ     O     W    iJ    -^ 


c  ^  e      -I 


>-• 

» 

(fl 

a 

o 

<v 

(D 

<M 

c 

a 

o. 

•H 

4> 

O 

>. 

.c 

•H 

£ 

4^ 

bfitM 

VM 

•  r^ 

•^ 

•o 

-H 

M 

OJ 

3 

O 

4-t 

4 

>. 

>s 

>v 

o 

X> 

Xi 

^ 

73 

■o 

•V 

IT 

C 

41 

a> 

C 

c 

c 

■^ 

>v 

1 

E 

t 

4J 

V 

lU 

u 

c 

S 

a 

l 

^ 

^  r 

■4  m  -a- 

44 


o  o  o  o 
o  o  o 
o  o  o 


o  o 
o  o 


I  rsi  cr  c^  00  o 
I  00  r^  r^  n  O 


o  o  o  o 
o  o  o 

r--  00  O 


o  o 
o  o 


1   »^   ro   -J    rs*    O 

»  00  ^  lA  m  o 


o  o  o  o 
o  o  o 
-I  <r  o 


o  o 
o  o 


■  OS)  tn  ,D  O  o 

I    O^     ^     -^    — 4    O 


o  o  o  o 

o  o  o 

00  O  r^ 


o 
o 

o 

o 

o 

o 

o 

o 

cr 

- 

o 

o 

o 
o 

o 

o 

o 

o  o  o  o 
o  o  o 

0>    CO   U-) 


o  o  o  o 
o  o  o 
o^  so  m 


o  o 
o  o 


o  o 
o  o 


o  o 
o  o 

O    CO 


o  o 
o  o 


o       o  o 
o       o  o 

<^  O  O   vJ 


i:-' 


X  o  o  o 

u  o  ^c  a* 

CO  o  -^ 


♦  §l 


o 

o 

o 

o 

o 

r> 

o 

c 

o 

o 

o 

r- 

00 

00 

or 

or 

C 

"^ 

~^ 

p- 

m 

o 

o 

O 

o 

o 

o 

o 

8 

m 

f^ 

\D 

r^ 

O 

(T- 

'J 

C> 

o> 

rH 

— 1 

"^ 

r- 

o 

o 

o 

o 

o 

o 

o 

o 

C3 

o 

O 

[-- 

GO 

m 

sD 

00 

o 

^^ 

^^ 

OJ 

rsj 

CO 

o 

O 

o 

O 

O 

o 

o 

o 

o 

o 

o 

sD 

CO 

o^ 

o 

n 

•JS 

-J- 

<r 

—J 

^ 

00 

r^ 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

r- 

fo 

^ 

CT^ 

<r 

(T- 

r. 

^ 

00 

^ 

O 

o 

o 

o 

o 

o 

O 

o 

O 

o 

o 

o 

o 

>J 

o> 

^£> 

vt 

^ 

•£> 

lA 

•J- 

vT 

on 

Oi 

CN 

o> 

-^ 

o 

o 

O 

„ 

o 

o 

o 

o 

o 

fM 

CO 

S 

cr 

ro 

a* 

o 

O 

o 

O 

o 

o 

o 

o 

o 

r  00  <r  ( 


"^  O  00  r^  (N   O 
^  O^   P-*   -J   -^   o 


nO   ^^  rsi   r^  ^   O  <N 

ro   o^    ~J-    -J    ,— I   O  "O 


•*■-'**  -J-  r-  o        o^ 

•"J  ON  ii*l   O   O   O  'fl" 


<r  00 

•  •                    -^   ON  , 

-HO'-'com^  ^c0^CT>r«4O         rn 

CO  o 

O^O                0»C  rMQO(N%or*jo          r^ 

•  •                  O-   CO  

fNOOtn<r-j-  rgoN--u->-HO         o 

-J'   —I 

O^r^                Om  cDON^Orn^o         r-v 

•  •               -^  o  

^ooiAinin  u-io%0\000        -* 

COCO              oO'-  -J-^mcomo        <7> 

COCO                  OCO  -JOiA— tQOr~-           a* 

■  •                O  CO  

— 'OOiniA<r  so^-^^^>^o       o 

<A0O                  OCO  O-J-TQO-J-O          CM 

■  ■               cr-  ao  

~^  O  <T   -—f  -^  -^  a0-cfr-.ro»00          -^ 

^D   CO 

<i-oo             mm  m>r-j--jroo        m 

•  •                o  — <  . 

— 'O-JcOiTiin  ^DiTif^^t^o         ro 

oomi-j--.  ^^f^f*^                 (sj 

CO   --' 

OOO^                Or-  ^TrnsOcOO^O         ^O 

•  •               o  m  

^^ooo<r<r  -j-jr^r^mo       o 

r--  00 

-**i~i              ino  ^oof«^^— lo        oo 

—'OO^-^OO  Otsmrsi-^o         o^ 

O^     >*     —<    --  CN    1^                                          ^^ 


CM 

o 


o 

CO 


CM 


i 

M 


I 


<N   -J  O  sO 

•     •  tTi  r- 

-^  O   ^  -*   00   CO 

o  <r 


(J   X  U. 
W  [t.  U   I 

CJ    t>^    [i- 


'  a:    o  u 

I     Cl.     1-4    (/] 


OU  -4      J-» 


A        00  V   o   <a 

I    Qfi    •-.     *j 


«  -^^ —     -^  -         u 

«    l~<     «J    ^  o        M  4-» 


M  *j  --  ss  c  «  a 

B  -H  lu  4J  01  M  S 

O  O  >  .H  O  0)  H 

■•-I  O  (/)  Q. 

4J  --  -c  C  T3  B  TS 

■H  V  4>  d)  (U  ^  ^ 

"O  >  OQ  Q  OQ  H  CO 


iM   O  O     (N  <SJX     rs* 
«  (J  U   Z  X  U   U 


V  u 

V 

>M    O 

4i 

>,  >, 

A  .c 

V 

"0  -o 

a 

V   w 

w  c 

«    -H 

>t 

--    R 

4J 

3    k4 

<~*    iJ 

c 

5S 

Si 

45 


8  0  o  o 
o  o  o 

tn  (^  p^  O 


9  O 

o  o 


^  -J  ^  o  •*  o        o^ 
^  o^  tn  o  -^  o       ■£ 


o  o  o  o 
o  o  o  o 


o  o  o 
o  o  o 

CO  O  O 


o  o  o 
o  o  o 
iTt  *rt  o^ 


o  o  o 
o  o  o 

^   -J  o 


o  o  o 
o  o  o 
sD  a  o 


o  o  o 
o  o  o 

sO  ^  o 


o  o  o 
o  o  o 
,0  o  m 


000 
000 

r-  O  »J3 


o  o 
o  o 

<T-  O 


rsi  00  vO  ^O  00  O 
^  ^  ^  in  ^  O 


0  0 

0  0 

r-  0 

00  -* 

—  0 

0  0 
0  0 
a>  CM 

00  r-- 

c  ^  ~-4  xn  -^t 


rsi  ^  -J   ff"   ' 


O  O 
O  O 


,  r^  m   \D    ^         O 


000 
000 
nO  <»■  -^ 


000 
000 
CO   O   f~- 


000 
000 


000 
000 

•J'   O  fO 


o  o 

o  o 
-<  o 


o       00 
0000 

O   O   !*>   •-* 


o  o 

o  o 

r>j   CO 


O  O 

O  O 
00  o^ 


o  o 
o  o 

r^  O 


O  O 
O  O 
-J   cc 


-^  O    r^  O  1 


in  <r 

cr  CO 

I  o^  -J  >J 


o  o  o  ' 
000 
fO  ^  r^ 


O  O 
O  O 
sO  00 


o  o 
o  o 


[  o  o 
o  o 

ro  O 


tn  CO 

CO  P- 

O    <T  -t 

^    —.  ^ 


.      .  O  CO 

fM   O    •«*    GO    l'^    "* 

r*  m  -^  --^ 


O^  P—  fO  <^  o^  o 


O  sO   t^  r*  t*l   O 
— I   00  lA   CO   '^    O 


u-»  -J   in   -J-   ■-'   -^         r-- 
—<  CO  O  00  u^   O         CO 


\0   r^  a*   r--   •— '  O  ~* 

.— I  o^  -J  00  in  o         <^ 


n  cr  (*!  f^  f^  o       ^ 

—<  CO  <t   '-<<''   o         '^ 


o^  in  o  — '  — '  <>■         ^ 

cv)  a^  -J  c  ^  o       o 


n  o^  in  in  in  o 


00   -T  O  O  r-   --         ^ 
Q   OS    ,0   CT'    -J    O  "^ 


in  ■— '  r^  ^  t^  O 
-J  CT*   in  (J*   -3"   O 


in  r^  a^  in  <r  o 

C  00  r-^  O  r^  O 


<r   o  O  in  in   O 
r-i  r^  sO  O  -T  O 


r-~  Qv  (T>  00  r-   O         ^ 


CM 
O 


O 

a> 

CO 


2 


< 

< 

Q 

Oi 
W 
t-< 
tu 
I— I 

< 


I 

en 


J3 


_^     V   >     (K      *— . 


.   -O   "O    *->     O-         '^ 


•O     OJ     1)    («    g 


lUfn      IM 

c 

0  — <> 

-'  "^ 

X 
0  X 

0 

u. 

X 

X 

a 

X 

li- 

X 

X 

.    ft/s 

city    I 

Lb/ft 

ity,    I 

3 

3 

a. 

<u      - 

>»  0 

e 

en  u. 

(/) 

0  e 
x  « 
-    0  c 

u.   0  0 
0  0 

0 
1-1 

? 

1 

4_» 

0 

4-t      <U 

c  -0 

0. 

S 

0 

(rt 

U^ 

to 

cc 

•0 

0)     -u 

0   A 

H 

CD 

■0 

lU 

< 

00 

DC    I-- 

^ 

c 
<J 

> 

■0 

0    n 
0  £ 

03   u 

4->     U 

0    m 
0  X 

CO    (J 

0 

0 

1-1 

<a 

X 

0 

0 

<u 

£ 

3 

» 

W 

r. 

V 

Ou 

(M 

M 

a: 

a. 

M 

>% 

<u 

.Q 

M-l 

« 

•0 

h 

V 

0 

4J 

>^  >» 

0 

x> 

•0 

•0 

rj 

c 

<v 

w 

c 

01 

-H 

>> 

E 

*J 

<u 

4J 

c 

«1 

■S5 

46 


O   (^   O  ro 
O    rsl    sO   -- 


O    r^    O  m 
O    <-M    ^    -- 


o  o 

o  o 


O   lA  u-i  o 
O    "-^   lA    -- 


O   O 

o  -< 
O   — ' 


o  o 
o  ^ 

O    — ' 


o  o 
<r  — ' 


o  o 
o  o 
o  ^o 


o  o  o 
o  o  o 

■£>  r^   ^ 


o  o  o 

O   O   CT» 


o  o  o 

O   O   00 


o  o  o 
o  o  in 

(*^  o 


o  o  o 

O  O   u-1 


o  o  o  o 

O  O  lA   ^ 


o  o 
o  o 


o  o 
o  o 

O   ^D 


o  o 
o  o 

O    -3- 


o  o 
o  o 


o  o 
o  o 

^£)     O 


o  o 
o  o 


O     ^     (-si    <J 
O    fN    ^O    -H 


o  o>   O  <-' 

O     — '    %0    CM 


O   f*^   O    <-< 

o  <-M  00  a* 


<r  CO  o  CO  CT' 


8§ 

o  o 
o  o 
rsj  CO 

00    P- 

O  <^ 

o  o 
o  o 
m  in 

o  o 
o  o 

o  o 
o  o 
o  ^ 


o  o 
o  o 
o  <r 


o  o 
o  o 


O   O 

o  o 
o  o 


o  o 
o  o 

m  O 


o  o 


o  2 

o  o 


^  o 


O  <N  sO  (VJ 
O  PM   fO   -J- 


o  -•  tn  <r 


O    CN    <NJ    ^O 

O   i>j   ro   ^ 


O  (^  O  rv 


O  m  O  1^ 
O   <W   00   O* 


o  o  in 

O  O         r^    O 
O  'S"        -^  ^  o 


o  fN  in  tn 
o  --  o^  o^ 


III 


o  o 

o  2 
o  o 


O   -■  O  "-I 
O  O  — I  00 


CM 
O 


CM 
OS 


< 
Q 

oi 

O 

U 

w 


I 


3  "O 

<0     (U 


M     3    U    U 


J      - 


u-  ac  o  J-    --N  _ 


U  X  CO    C  <-J 

CO   b.  M  CO 

U      * 

*  cn    C    »      - 

at   o  <u  ■ 


^  \  a 
•-'  —    0) 

I     CIS 


o  o  o  •<: 


—  •<  < 

cSS 


— *       •■    00  — '    ■•-'    *J  o 

411-.  4t'^a04)C"^ni*Jo  k- 

o   «   i-ia:<   i-QSh-iZij    Co  <n-o  oi 

ir  ?^  '^               i*                    ,°   ^  «    (U  > 


■u  "C  -D    c 


e   B  e  ^ 

^      Ul      »4    -H 

V     01     4J     (0 

W     l-l     4->      C 

^^^^^^^^ 

-H    fM    CO    •* 


47 


o  o 
o  o 
o  -o 


o  o 
o  o 


o  o 
o  o 


o  ^  ^  "^ 
O  «^  00  00 


O   r-  *>t  --^ 
o  -^  ^  ^ 


o  o 
o  o 

CO  <^ 


O   CNI  00  O^ 


g       o  o 
o       o  <r 

^  o  <t  ^ 

o  o     - 

O  -3    -< 


o  o 
o  o 


o  o 
o  o 


o  o 

o  o 

r^  O 


o  o 
o  o 


o  o 
o  o 

O  c*l  O  O  (^ 


o  o 
o  o 
o  ^ 


o  o 
o  o 


o  o 
o  o 


o  o 
o  o 


o  o 
o  o 


o  o 
o  o 

fO  o 


O   O   ^O   O" 

o  <(■  f^  oo 


O  f^  oJ    ^ 
O   ^  00  O 


o  <*>  -*  ^^ 
O  (^  "^  o 


o  f-^  <-^  "^^ 

O  (^  CO  o^ 


O  00  O  f^ 

o  <*^  <*-  o 


o  <>J  ■*  -^ 
o  (^  f^  o 


o  o 
o  o 

r-  O 


o  o 
o  o 


O  <^  O  00 
O  fX  f^  o 


O   »0    OO   vD 
O  rvi  \0  O 


o  -n  o  in 
O  (^  "^   o 


14-1 

o 


4) 
CO 


CM 

z 


<: 

Q 

o 

i 

u 
z 

aj 

w 


I 

en 


•s 

H 


,  c   a. 
o    <u 

•    <0    < 


U.  X  u   u    ^     -J     • 
Jj      <*1  ■'J 


(_j   X  tn    C  U 


^w    O   --^    C    u 
5    4J    -]    -H     >,      - 


-^  <  <  <  < 


H  >        T3  O  aa   < 


1-.    cmO  O    f^ 

01  o  o  o  z 


*J 

0£^ 

•r* 

•o 

•  r^ 

a> 

» 

o 

tn 

>> 

>v 

>^ 

u 

^ 

XI 

X3 

-o 

T3 

T3 

•o 

0 

01 

(U 

•p^ 

c 

c: 

c 

•■-t 

-■-• 

>% 

i 

e 

t 

•  H 

V 

0) 

*-» 

C 

SS^S 


48 


Date   7/8  -  7/15 


Screen 

S 

ize,  Wt 

7. 

Tyl 

er 
f4 

Mesh 

4 

X 

6 

6 

X 

8 

8 

X 

9 

9 

X 

10 

10 

X 

12 

12 

X 

14 

14 

X 

16 

16 

X 

20 

20 

X 

24 

24 

X 

28 

-28 
Particle  Density,  Ib/cu  ft    195.3 

Ultimate  Analysis,  Wt  °L 
Moisture 
C 
H 
S 
Ash  +  SO- 

Elemental  Analysis,  Wt  7. 
Si02 
SO3 
Na20 
CaO 
MgO 
K2O 


Al,6o 
FeoO, 
Ti( 


Raw 

id-Burned 

Dolomite 

Screen  Size,  Wt  7, 
Tyler  Mesh 

Char 

Ligni 

Tr 

0 

+6 

0 

0 

Tr 

Tr 

6X8 

Tr 

.1 

Tr 

32.2 

8  X  10 

.4 

0.4 

Tr 

28.2 

10  X  14 

11.7 

11.7 

2.0 

22.7 

14  X  20 

18.1 

16.5 

17.2 

11.5 

20  X  28 

20.9 

19.1 

29.0 

3.8 

28  X  35 

17.4 

17.1 

19.7 

.9 

35  X  48 

15.0 

16,1 

16.3 

.3 

48  X  65 

8.6 

10.6 

6.1 

.2 

65  X  100 

3.5 

3.6 

2.5 

.1 

100  X  200 

3.2 

3.8 

7.6 

Tr 

-200 

1.5 

1.2 

171.8 


\P 


1.47 

4.7 

0.03 

.5 

0,02 

.04 

56.36 

54.44 

38.96 

36.45 

0.01 

0.23 

0.10 

0.02 

0.68 

1.46 

1.47 

0.81 

0.05 

0.02 

66.6 


1.02 

1.56 

75.66 

65.83 

2.55 

4.38 

1.78 

0.64 

13.74 

6.46 

24.19 

28.68 

26.45 

9.84 

1.39 

1.33 

26.75 

34.16 

8.72 

8.58 

0.18 

0.36 

0.04 

0.20 

9.48 

12.50 

3.98 

4.99 

0.44 

0.52 

Table  19-8.   FEEDSTOCK  COMPOSITES,  RUN  19 
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Date 

Time 

Screen  Size,  Wt  "L 

Tyler  Mesh 

+60 

60  X  100 

100  X  325 

-325 

H2O 
C 

H 

Sulfur  (Total) 

Ash+S03 

Ash  Analysis, 

Wt  % 

Si02 

SO3 

Na20 

CaO 

MgO 

K2O 

P2O5 

AI2O3 

Fe203 

Ti02 

Daily  Composites 

8/14     8/15 

8/16 

8/17 

8/18 

0400     0400 

0430 

0400 

0400 

0.9 

0.9 

0.2 

0.9 

0.9 

7.7 

4.8 

3.5 

4.1 

5.9 

29.2 

32.8 

49.4 

39.3 

35.7 

62.2 

61.5 

46.9 

35.7 

57.5 

6.22 

57.15 

61.66 

63.89 

63.42 

62.76 

1.77 

1.94 

1.54 

1.47 

1.86 

0.99 

0.85 

0.74 

0.56 

1.17 

35.37 

28.61 

27.58 

27.65 

31.10 

31.43 

26.43 

29.83 

31.58 

39.04 

9.58 

8.76 

6.93 

5.82 

13.17 

1.30 

1.35 

1.54 

1.48 

1.13 

33.30 

36.67 

4.72 

6.42 

0.19 

0.41 

0.10 

0.15 

9.20 

9.41 

10.29 

8.49 

0.61 

0.50 

Table  19-21.   GASIFIER  CHAR  TO  ORGANIC  POND,  RUN  20 
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Date 
Time 


Screen  Size,  Wt 
Tyler  Mesh 
+35 
35  X  48 
48  X  65 
65  X  100 
100  X  200 
200  X  325 
-325 


8/13 

8/14 

8/15 

8/16 

8/17 

0430 

0400 

0430 

0930 

0300 

1.3 

1.9 

1.0 

5.1 

1.2 

5.5 

9.0 

6.8 

2.7 

4.5 

11.1 

14.8 

11.6 

6.0 

7.7 

17.3 

17.6 

14.9 

9.8 

10.9 

25.9 

20.4 

22.5 

22.5 

21.1 

11.6 

9.8 

13.4 

17.1 

17.0 

27.4 

26.5 

29.8 

36.9 

37.5 

7c  Calcine  Weight  Change 


Si02 

SO3 

Na20 

CaO 

MgO 

K2O 

P2O5 

AI2O3 

Fe203 

Ti02 


-7.96   -14.96    -3.98    -3.88    -3.30 


32.86 

31.36 

26. 

.83 

23.10 

23.60 

6.46 

4.76 

2. 

.90 

2.50 

2.69 

1.58 

1.80 
35.85 
14.65 
0.57 
0.09 
6.10 
3.54 
0.45 

2, 

.00 

1.36 
41.79 
19.42 
0.64 
0.11 
6.68 
3.57 
0.36 

1.18 

Table  19-24.   ASH  AND  ATTRITED  ACCEPTOR  ANALYSIS,  RUN  20 
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Lignite       Gasifier       Regenerator 
Feed  Line      Boot  Cone        Bottom 

Wt  7o  Wt  7o  Wt  % 

Ultimate  Analysis 

0.01 


H20 

.  /u 

V/  •  V  i- 

Carbon 

2.26 

Hydrogen 

0.50 

Sulfur  (Total) 

0.23 

Ash+SOj 

46.57 

95.86 

Elemental  Analysis 

Si02 

1.96 

16.95 

24.91 

SO^ 

2.62 

0.69 

0.71 

Na^O 

0.04 

0.34 

0.63 

CaO 

54.44 

45.86 

44.46 

MgO 

37.53 

30.29 

25.83 

K^O 

0.02 

0.23 

0.39 

P2O5 

0.01 

0.39 

0.08 

Al  0 
2  3 

0.90 

3.21 

0.14 

^^2^ 

2.46 

1.86 

2.22 

Ti02 

0.11 

0.13 

0.16 

Table  19-26.   DEPOSITS  FORMED  DURING  OPERATION,  RUN  19 
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RUNS  22  AND  23 
SEPTEMBER  20,  1974  TO  FEBRUARY  5,  1975 


CO  ACCEPTOR  PROCESS  GASIFICATION 

PILOT  PLANT 

RAPID  CITY,  SOUTH  DAKOTA 
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1   SUMMARY 

This  report  covers  the  Rapid  City  Pilot  Plant  operations  for  Runs 
22A  (September  20-27,  1974),  22B  (November  22-30,  1974),  22C  (December  13-22 
1974),  and  23  (January  7-February  5,  1975). 

Run  21  was  of  sufficient  length  that  the  accumulation  of  foreign 
material  (intermediate  fines)  in  the  system  became  a  recognizable  prob- 
lem.^ The  intermediate  fines  were  derived  principally  from  small  amounts 
of  silica  sand  and  clay  constituents  in  the  lignite  and  char  feedstocks. 
In  the  gasifier,  the  foot  fluidizing  velocity  was  high  enough  to  strip 
most  particles  which  were  typically  -20  Tyler  mesh  from  the  recarbonated 
acceptor.  Therefore,  fines  could  not  be  removed  with  the  spent  acceptor 
which  was  purged  to  the  dump  hopper,  F-213,  nor  could  the  fines  be 
stripped  from  the  regenerator  acceptor  or  the  gasifier  char  beds,  since 
the  fluidizing  velocities  were  too  low  for  elutriation.  The  particles 
would  circulate  between  reactors  through  the  fuel  char  line  and  the 
calcined  acceptor  standleg,  but  the  particles  could  not  be  purged  from 
the  system. 

Following  Run  21,  plans  were  made  to  install  a  char  removal  sys- 
tem which  would  control  the  concentration  of  the  intermediate  fines. 
Since  a  long  plant  shutdown  was  required  for  the  installation  of  the  new 
equipment,  a  short  duration  run.  Run  22A,  was  attempted.   The  run  had 
the  limited  objective  of  demonstrating  plant  operability  using  pure 
steam  as  the  gasifier  boot  fluidizing  medium.  However,  due  to  the 
hurried  charge  out  of  the  recycle  gas  for  steam,  the  char  acceptor 
interface  was  lost  and  the  plant  had  to  be  shut  down. 

Following  Run  22A,  a  long  plant  turnaround  which  lasted  eight 
weeks  was  scheduled.  The  major  plant  changes  made  during  the  period 
included:   (1)  replacement  of  the  regenerator  refractory;  (2)  modifica- 
tion of  the  gasifier  quench  system;  (3)  modification  of  the  calcined 
acceptor  standleg;  (4)  installation  of  the  char  removal  system;  and  (5) 
the  installation  of  an  additional  regenerator  cyclone.   Runs  22B  22C 
and  23  were  then  conducted.  These  runs  failed  to  achieve  the  objective 
ot  demonstrating  integrated  plant  operation  for  a  period  of  thirty  days 
However,  the  runs  were  successful  in  that  they  provided:   (1)  additional 
acceptor  circulation  data;  (2)  demonstrated  the  operability  of  the  new 
plant  equipment;  (3)  demonstrated  plant  operability  using  70  to  75 
percent  steam  for  the  boot  fluidizing  gas;  and  (4)  provided  information 
on  the  source  and  control  of  intermediate  fines. 
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2   TEST  DATA 

Runs  22  and  23  data  are  presented  graphically  and/or  tabular ly  at 
the  end  of  this  run  report.  The  figures  and  tables  include: 

Page 
Figure  22-1.  Upper  Lift  Line  Pressure  Drop,  Theoretical  Versus  ....  112 

Measured 
Figure  22-2.  Lift  Line  Pressure  Drop  As  A  Function  of  Lift  Gas  ...  .  113 

Rate  and  Solids  Circulation,  Run  22C 

114 
Figure  22-3.  Char  Removal  System  

Figure  22-4.   Intermediate  Fines  Inventory,  Run  23 115 

Figure  22-5.  Weight  Percent  Si02  In  Coal  Versus  Weight  116 

Percent  Fines 

Figure  22-6.  Silica  in  Ash  Versus  Percent  Ash  in  Coal 117 
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3   SIGNIFICANT  EVENTS  AND  OBSERVATIONS 

3.1    HISTORY  OF  RUNS  22A,  22B,  22C,  AND  23 
3.1.1  Objectives 
Run  22A 

This  run  was  to  have  the  limited  objective  of  demon- 
strating plant  operability  using  pure  steam  to  fluidize  the 
collected  acceptor  in  the  gasifier  boot. 

Runs  22B,  22C,  and  23 

For  these  runs  the  objectives  were: 

(1)  To  achieve  long-term,  integrated  plant  operation,  pre- 
ferably for  a  thirty  day  period. 

(2)  To  demonstrate  plant  operation  using  pure  steam  to 
fluidize  the  gasifier  boot  acceptor. 


(3) 


To  establish  balance  periods  in  which  the  effects  of 
process  variables  such  as  the  gasifier  and  regenerator 
temperatures,  acceptor  makeup  rate,  gasifier  inlet  steam 
flow,  and  gasifier  steam  partial  pressure  could  be 
studied. 


3.1.2  Accomplishments 
Run  22A 


Operated  plant  for  approximately  45  minutes  using  pure 
steam  to  fluidize  the  gasifier  boot  acceptor. 

Run  22B 

(1)  Demonstrated  operability  of  new  equipment  including  the 
char  removal  system,  the  modified  gasifier  quench  system, 
and  the  new  gasifier  boot  flow  gas  distributor. 

(2)  Established  a  base  set  of  operating  conditions  using 
computer  simulation  model  to  predict  plant  response  to 
input  variables. 

Run  22C 

(1)     Accumulated  extensive  acceptor  circulation  data  and 

modified  existing  lift  line  pressure  drop  correlations  to 
more  accurately  predict  the  acceptor  transfer  rates 
between  reactors. 
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(2) 


(3) 
Run  23 


Achieved  a  base  case  balance  period  in  which  reactors 
were  held  at  operating  temperature,  dead-burned  dolomite 
was  circulated,  and  Velva  lignite  was  used  as  gasifier 
feedstock. 

Operated  gasifier  without  the  need  for  air  addition  to 
maintain  char  bed  temperatures  of  1490°  to  1500°F. 


(1)  Demonstrated  gasifier  operation  with  boot  flow  of  70  to 
75  percent  steam. 

(2)  Demonstrated  that  high  gasifier  boot  fluidizing  gas  flows 
improved  the  control  of  the  char-acceptor  interface  and 
greatly  reduced  the  chances  of  the  acceptor  bridging  in 
the  boot.  5  6  j-ii 

C3)     Operated  gasifier  without  the  need  of  supplemental  air. 

Investigated  sources  of  intermediate  fines  and  developed 
techniques  for  monitoring  the  presence  of  this  "iunk" 
material  in  the  system. 


(4) 


3.1.3  Termination  Causes 
Run  22A 


a..-^'       u^  ^^^P  '^^''^®  approach  taken  for  replacement  of  the 
izin^^L  ??'  ""^"J:"^!  ^^'  ""^^^   ''^^"^  resulted  in  low  boot  fluid- 
fll^   ^f  i  "f  ""^"^^  ^^""^^  ^^^  ^°^^   °f  the  char-acceptor  inter- 
face and  the  plugging  of  the  recarbonated  acceptor  standleg  CD- 


Run  22B 


rn  -ynx     ^""P^f  ^°"  ^°^''^'   EJ-4,  on  the  gasifier  side  flow  line 
.n^l./   ^"^^^°P^^  ^  l^^k-  The  leak  was  probably  caused  by  ^h^ 
momentary  system  overpressuring  to  220  PSI  which  occurred  when 
the  level  controller  on  the  gasifier  quench  tower,  E-301  froze 

pres  oT  J  2m1  '".'  T'-\--^-^-^   through  the  recycle  com 
pressors,  J-201  A  and  B,  and  to  the  flare  headers. 


Run  22C 


Th«  Ki  V"^   acceptor  lift  line  plugged  and  could  not  be  cleared 
The  blockage  resulted  from  low  gasifier  boot  flow  which  caused 
s?and?e  ?oT'°'  ^°,  ^^^^^^^  ^"^  ^^^o.ed   the  recarbonated  acceptor 
vent^n^^nf      •   ^°''  °^  '^"  ^^^"^l^g  ^^^1  resulted  in  the 
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Run  23 


A  large,  high  temperature  area  developed  on  the  external 
pressure  contli;ing  jacket  of  the  acceptor  UtUne,  CD-208, 
due  to  the  erosion  of  the  inner  Incoloy  800  sleeve. 


3.1.4  Mechanical  problems 
Run  22A 


(1) 


During  an  initial  startup  attempt,  the  line  between  the 

gasifier  and  the  spent  dolomite  dump  ^^PP^^'/'f  ^^^^^ 

plugged.  The  system  was  depressured  m  order  to  clear 

the  line. 

(2)  When  the  lignite  grinding  system  was  fi^^^/^^^^^J^^^^' 
air  leaks  into  the  system  caused  burning  of  several 
filtefbags  in  the  baghouse,  L-112.  All  bags  were  re- 
placed and  the  system  oxygen  level  was  more  closely 
monitored  to  eliminate  such  future  occurrences. 

(3)  During  an  early  startup  attempt,  expansion  Joint  EJ-15, 
on  the  acceptor  lift  line,  CD-208,  was  found  to  be 
leaking   ?he  unit  was  replaced  with  an  expansion  bellows 
made  of  solution-annealed  Incoloy  825. 

Fuel  char  feed  to  the  regenerator  was  at  times  difficult 
to  maintain  due  to  system  pressure  swings. 


(4) 

Run  22B 
(1) 

(2) 


Plant  air  compressor,  J-202,  shut  down  several  times  due 
to  a  loose  mercury  switch. 

Due  to  erosion,  a  small  one-inchdiamete^ole  developed 
in  the  slip  joint  on  the  inner  liner  of  the  regenerator 
fuel  char  transfer  line,  CO -2 04. 

m  The  regenerator  fuel  char  transfer  was  lost  "^any  times 

^^     due  to  leaks  in  the  new  char  removal  system  and  the 

difficulty  in  determining  the  proper  purge  gas  flows  to 

the  new  lockhoppers,  F-215  and  F-216. 

Run  22C 

(U  Following  the  run,  the  shaft  on  the  fuel  char  flow 

^^  control  ?alve,  LCV-2002,  was  f-^^.^^^^.^^ifj^^^.^r 
replaced.  The  twisted  shaft  explained  the  need  to  oper- 
ate the  valve  in  a  more  than  normal  open  position. 
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(2)     The  plant  boiler  shut  down  unexpectedly  several  times 

requiring  the  cessation  of  lignite  feed  to  the  gasifier. 

valve'  XCv'2nin'"T'^  'u   '^'  """P'°^  ^^^^  ^^"^  ^'^^^ 
valve,  XCV-2010,  and  m  the  regenerator  lift  line  nozzle 


(3) 

Run  23 
(1) 


(2) 


(3) 


(4) 


H^L  h    A  /f   '"^""'"P  ^"^'"Pt,  a  plug  of  agglomerated 
dead-burned  dolomite  and  char  ash  formed  in  the  calcined 
acceptor  standleg,  CD-206.   The  clinker-like  material 
was  caused  by  the  reuse  of  dead-burned  dolomite  which  has 
previously  been  withdrawn  from  the  system.  The  smaU 
IZTi.tLl^l^'';.   "^''^  ^^'  contained  in  the  dolomite,  burned 
heln  nn-r  .r  ^^"^  ""^^   admitted  to  the  regenerator  to 
f^]un       /It  ^^^^T>toT   inventory  during  the  initial 

tilling  of  the  system. 

weatW  f  T'^'!'"^"'  ^"""^"^  ^  "P^ll  °^  extremely  cold 
ZtllA.Tt  ^   P'^"'  '^"'^°^  ^^^^^  ^he  system  had  been 
heated  but  before  solids  were  admitted. 

The  casting  which  supports  the  shaft  on  which  the  lignite 

Sh  r?  """'l   ^°''r'  ^"'  "'^"^^^^  ^^^'^^  ^^^   ^-^  repfaced 
with  a  forged  steel  unit. 


The  drive  for  the  blow  ring  carriage  in  the  lignite 
Solaced  ^^^^'"^  baghouse  jammed.  A  worn  out  gear  was 

3.1.5  Process  Problems 


(1) 
C2) 


3.2 


During  all  runs  small  deposits  of  dead-burned  dolomite 
formed  m  the  gasifier  boot. 

What  appeared  to  be  agglomerated  char  fines  formed  de- 
posits in  the  gasifier  quench  tower,  E-301,  and  caused 
plugs  between  the  quench  tower  and  the  flash  pot  F-324 
and  between  the  flash  pot  and  the  organic  wasL  ^ond 

CHRONOLOGY  OF  OPERATIONS 


3.2.1  Run  22A 


Hours 
Date    Time    Counting  Description 


9/20    1515 
"      1625 


Started  pressuring  up. 

System  up  to  pressure.  Started  static 

pressure  test  to  determine  leak  rate. 
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Hours 

Date    Time  Counting              Description 

9/20    1848  Started  depressuring  system  to  repair  leaks. 

Q/o,    1730  Pressuring  up  system. 

^;,      1830  Started  static  pressure  test. 

„      iOTv  Static  pressure  test  finished. 

1945  Started  J-309,  recycle  CO2  compressor. 

2010  Started  all  recycle  gas  compressors. 

2040  "A"  recycle  gas  dryers  put  on  line. 

„     o^nn  "B"  recycle  gas  dryers  put  on  line. 

q/22    1130  Initiated  shutdown  procedures  due  to  leak 

^'  at  S-9  sample  station. 

„      1300  System  depressured. 

n      1600  Pressuring  up  system. 

1615  J-309,  recycle  CO2  compressor,  was  placed  on 

line. 

lAAt;  recycle  gas  compressors  started. 

^^^^  'A"  and  "B"  recycle  gas  dryers  placed  on  line, 


ti 

•»      1720 


„      ^223?  fegln'oo^ptld  on  reactors  for  refractory  cure 

0/0,    0870  Reactors  up  to  operating  temperature. 

^/23    0820  ^^^^^^^  dead-burned  dolomite  feed  to  gasifier 

via  F-204A,  lignite  feed  lockhopper. 
0915  Unable  to  withdraw  dolomite  to  F-213,  purge 

dolomite  lockhopper. 
„      1545  Started  up  100  area  grinding. 

J555  Started  shutdown  procedures  to  clear  F-213. 

„      .010  Shut  down  100  area  grinding. 

1810  ^^^^^  ^^^  ^.^^^^  ^^g^  .^^.^g  L-112,  baghouse, 

were  found  to  be  burned  up. 
„      2100  System  depressured. 

Q/94    nniS  Pressuring  up  system. 

^\,  0150  Started  heaters  and  recycle  compressors. 

0230  System  up  to  pressure. 

0300  "A"  and  ''B"  recycle  gas  dryers  placed  on  line. 

Boiler  shut  down  for  maintenance. 
Started  dead-burned  dolomite  addition  to  gasi- 
fier via  F-204A,  lignite  feed  lockhopper. 
Transferred  acceptor  from  gasifier  to  regen- 

GT3,"tOT 

in^n  started  dead -burned  dolomite  addition  to 

^"^"  generator  via  F-206,  dolomite  feed  lockhopper. 

1045  '-B"  gas  dryer  taken  off  line  for  maintenance. 

1245  Boiler  started  back  up. 

1400  "B"  gas  dryer  back  on  line. 

J9O8  Calcined  acceptor  standleg  seal  established. 

1Q70  Began  solids  circulation. 

1940  Air  introduced  into  regenerator  to  expand  bed. 

„      2010  Started  solids  circulation  test. 


It 

"  0300 

"  0910 

"  0925 

t«  1000 


M 
If 
It 
It 
It 
It 
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Hours 

Date 

Time 

Counting 

9/24 

2115 

fi 

2238 

II 

2241 

M 

2300 

M 

2325 

9/25 


9/26 
II 


0030 


II 

0518 

It 

0600 

II 

0945 

II 

1230 

1415 


1830 


It 

2045 

II 

2125 

II 

2128 

2025 

0905 
1020 

1115 


It 

1150 

II 

1215 

It 

1325 

1415 


1520 
1540 

1730 


Description 

Solids  circulation  test  finished.  Started 
gas  circulation  tests. 
Gas  circulation  tests  finished. 
Started  removing  air  from  regenerator. 
Air  out  of  regenerator. 

Steam  added  to  side  of  gasifier.  Recycle  g^s 
removed  from  gasifier  side. 
Began  char  addition  to  gasifier  via  F-204A, 
lignite  lockhopper.   Zinc  oxide  system  placed 
on  line. 

Air  introduced  into  gasifier. 
Acceptor  circulation  started. 
Steam  introduced  into  gasifier  boot. 
Began  decreasing  B-203  and  B-204  heaters  to 
800  F. 

J-201B,  gasifier  recycle  gas  compressor  was 
taken  off  line. 

Good  char  transfer  to  regenerator  started. 
NOTE:  Trouble  starting  char  transfer  to  re- 
generator experienced. 
Reached  1800  F  in  regenerator. 
Gasifier  at  1511°F. 

Started  lignite  addition  to  gasifier  via  F-204A, 
lignite  feed  lockhopper. 

Fuel  char  transfer  lost.  Methane  added  to 
regenerator  to  hold  temperature. 
Char  transfer  regained.  Methane  out  of  system. 
Fuel  char  transfer  lost, 
regenerator. 
Char  transfer  regained, 
regenerator  discontinued 
Regenerator  at  1800°F. 
Increasing  dolomite  circulation. 
J-201B,  gasifier  recycle  gas  compressor  started. 
J-201A,  gasifier  recycle  gas  compressor  shut 
down. 

Zinc  oxide  system  taken  off  the  system.  Recycle 
gas  to  boot  of  gasifier  being  replaced  with 
steam. 

Gasifier  boot  flow  is  total  steam. 
Gasifier  boot  flow  routed  through  "C"  con- 
vection section  of  B-201  heaters. 
Upset  in  boot  of  gasifier.  Acceptor  transfer 
lost. 


Methane  fed  to 
Methane  addition  to 
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2000 


Hours  ^    •  * •  „ 

Date    Time    Counting  Description 

NOTE:  Dolomite  and  lignite  feed  stopped.  Methane 
9/26  ^^  ^^  regenerator.  Steam  to  boot  of  gasifier 

replaced  with  recycle  gas.  Attempted  to  regain 
bed  and  establish  acceptor  circulation. 
Started  dumping  gasifier  contents  to  \'-ii5, 
purge  dolomite  lockhopper. 
Dolomite  makeup  to  regenerator  started. 

Gasifier  empty.  •+«  +„ 

Started  transferring  dead-burned  dolomite  to 

gasifier.  ,-,  •  v,  j 

Dolomite  level  in  gasifier  established 
Unable  to  transfer  through  recarbonated 
acceptor  standleg,  CD-204. 
Initiated  shutdown  procedures. 
System  depressured. 


Started  pressuring  system  with  air  through 

"A"  and  "B"  gas  dryers. 

Denressuring  system  to  repair  leaks. 

Pressuring  fystem  up.  Stroked  all  solids  valves. 

Depressuring  unit  again  to  repair  leaks. 

System  depressured. 

Pressuring  unit  back  up. 

System  at  150  PSIG. 

Began  static  test  to  determine  leak  rate. 

Static  test  finished.  J-309,  recycle  CO^ 

compressor,  and  system  recycle  gas  compressors 

started. 

Gas  flows  established. 

Heaters  lit.  .      ,  ,,,„„ 

Checked  solids  valves,  sample  points  and  dump 

Ref?ac?ory  cure  finished,  proceeding  with  vessel 

Started  dead -burned  dolomite  feed  to  gasifier. 
Dumped  to  F-213,  purge  dolomite  lockhopper  for 
5  minutes  to  insure  system  integrity. 
Started  dead-burned  dolomite  feed  to  regen- 
erator via  L-204,  fresh  dolomite  rotary  feeder. 
Established  gas  seal  between  reactors  with  the 
filling  of  the  calcined  acceptor  standleg, 

CD-206.  ^^ 

L-204,  fresh  dolomite  rotary  feeder,  shut  ott. 
Air  added  to  regenerator  to  expand  bed. 


9/27 

0300 
0350 

tl 

0428 

ft 

0445 

M 

0500 

II 

0945 

11 

1500 

3.2.2 

Run  22B 

11/22 

1630 

M 

1830 

t) 

2136 

11/23 

0345 
0800 

M 

1045 

M 

1505 

II 

1535 

It 

1850 

It 

1910 

tt 

1930 

11/24 

0855 

11/25 

0500 

It 

1530 

II 

1600 

II 

1645 

It 

2215 

2320 
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Hours 

Date 

Time 

Counting 

11/26 

0040 

?t 

0230 

If 

0500 

II 

0530 

M 

0715 

M 

1022 

II 

1120 

?f 

1158 

It 

1255 

II 

1555 

II 

2045 

11/27 

1200 

M 

1555 

It 

1935 

It 

1950 

It 

1955 

0 

It 

2210 

It 

2315 

II 

2330 

11/28 

0930 

It 

1230 

II 

1640 

II 

1655 

It 

2030 

It 

2320 

11/29 

0100 

It 

0330 

It 

0430 

It 

0840 

ti 

0855 

II 

0955 

It 

1035 

It 

1045 

II 

1145 

It 

1150 

II 

1200 

38.8 


Description 

Began  dolomite  circulation. 

Started  gas  circulation  tests. 

Finished  gas  circulation  tests. 

Started  solids  circulation  test. 

Finished  solids  circulation  tests. 

Solids  circulation  stopped. 

Steam  introduced  into  gasifier  side.   Recycle 

removed  from  gasifier  side. 

Began  char  feed  to  gasifier. 

Started  acceptor  circulation. 

Air  introduced  into  gasifier  side 

Attempted  to  transfer  char. 

Finally  gained  fuel  char  transfer 

Fuel  char  transfer  lost  for  15  minutes. 

Began  withdrawing  to  F-215,  char  removal 

hopper . 

Shut  down  J-207B,  devolatilizer  recycle  gas 
compressor. 

Regenerator  at  1800°F.  Found  the  recycle 

gas  block  valve  was  leaking  gas  to  gasifier 

side  heaters. 

Steam  added  to  gasifier  boot. 

Fuel  char  transfer  shaky. 

F-215,  char  removal  lockhopper  taken  off 

T  onin   l^^'^hoPPer  F-216  placed  on  line. 

J-201B,  gasifier  gas  recycle  compressor 

placed  on  standby.  Fuel  char  transfer  lost 

^uel  char  transfer  regained. 

Regenerator  at  1800°F  again' 

Char  removal  system  isolated. 

Fuel  char  transfer  lost. 

Fuel  char  transfer  regained. 

Increasing  acceptor  circulation 

Small  upset  when  plug  in  calcined  acceptor  flow 

control  valve,  TCV-2030  broke  loose 

Acceptor  circulation  at  11,000  LBS/HR 

for^t^sf  run''^"'°''^^  lockhopper  placed  on  line 

Fuel  char  transfer  lost. 

Fuel  char  transfer  regained. 

F-215  taken  off  line  and  emptied. 

F-215  placed  back  on  line. 

Lignite  feed  started  to  gasifier 

Fuel  char  transfer  lost. 

Fuel  char  transfer  regained 

Fuel  char  transfer  lost. 
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Hours 

Date 

Time 

Counting 

11/29 

1205 

II 

1220 

II 

1230 

II 

1255 

M 

1315 

II 

1345 

II 

1355 

II 

1410 

II 

1420 

II 

1500 

II 

1727 

II 

1740 

11 

1915 

II 

1935 

II 

2002 

II 

2040 

II 

2240 

50.75 

2245 


"  2300 
"  2315 
"      2330 


11/30   0010 


0020-0715 


0730 


II 

1000 

II 

1215 

II 

1400 

Description 

Fuel  char  transfer  regained. 

F-215  taken  off  line. 

Second  stage  relief  valve  on  J-202,  main  air 

compressor,  reset. 

J-202  suddenly  shut  down  with  no  alarm. 

J-202  back  on  line. 

J-202  shut  down. 

J-202  on  line. 

J-202  shut  down. 

J-202  on  line. 

NOTE :   Found  that  mercury  switch  on  oil 

pressure  line  loose. 

Amperage  load  on  J-202  high.  Reduced  discharge 

pressure  to  lower  amperage  reading. 

J-207B,  devolatilizer  recycle  compressor, 

placed  on  standby. 

F-215  placed  on  line. 

J-201B,  gasifier  recycle  compressor,  placed 

on  standby. 

F-215  taken  off  line. 

Fuel  char  transfer  lost. 

F-215  placed  on  line. 

Low  level  in  gasifier  quench  tower,  E-301,  followed 
by  high  level. 

System  over  pressuring  and  interface  lost.  Water 

pumped  through  gasifier  compressor,  J -201 A. 

NOTE:   E-301  filled  with  water  which  flooded  the 

gasifier  system. 
51.1    Lignite  feed  to  gasifier  shut  off. 

J-207B,  devolatilizer  recycle  compressor,  started. 

System  pressure  back  to  normal .  Air  out  of 

regenerator  and  gasifier.  Acceptor  and  fuel 

char  transfer  lost. 

Steam  removal  from  gasifier  boot.  Gasifier 

compressor,  J-201B,  drained  of  water.  At- 
tempting to  withdraw  to  J-213. 

Attempted  to  dump  to  F-213  and  transfer 

acceptor  to  regenerator.  Batch  transfer  only 

in  both  lines.  dPR's  freezing  up  due  to  water 

in  sensing  lines. 

Leak  found  in  expansion  joint,  EJ-4.  Shutting 

system  down. 

Gasifier  empty  of  material. 

All  compressors  shut  down. 

System  depressured. 
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3.2.3  Run  22C 


Hours 

Date 

Time 

Counting 

12/13 

1230 

11 

1430 

II 

1615 

u 

2005 

12/14 

0420 

II 

0830 

II 

0900 

II 

1330 

II 

1515 

•1 

1715 

II 

1845 

12/15 

0630 

II 

1030 

II 

1750 

II 

2048 

12/16   0042 


0100 
0126 


0810 


0915 


II 

0930 

II 

1015 

II 

1045 

II 

1145 

II 

1230 

II 

1240 

II 

1530 

II 

2141 

II 

2210 

II 

2320 

Description 

Started  pressuring  up  system  with  air. 
System  at  150  PSIG. 
Started  static  pressure  test. 
Static  pressure  test  finished.  Heaters  lit. 
J-309,  recycle  CO  compressor,  placed  on  line. 
Recycle  compressors  started. 
Recycle  gas  dryers  placed  on  line. 
Started  refractory  cure.  Gasifier  temperature 
at  250°F. 

J-309  compressor  taken  off  line  for  maintenance, 
J-309  compressor  back  on  line. 
All  solids  valves  stroked. 
Gasifier  temperature  at  700  F. 
Started  increasing  heater  temperatures. 
All  solids  valves  stroked. 
Began  addition  of  dead-burned  dolomite  to 
gasifier. 

Transferred  first  batch  of  dead-burned  dolo- 
mite to  the  regenerator. 

Dumped  to  F-213,  purged  dolomite  lockhopper. 
Started  feeding  dead-burned  dolomite  to  the 
regenerator  from  F-206,  dolomite  feed  lock- 
hopper  . 

Started  dolomite  circulation.  Air  introduced 
into  the  regenerator  to  expand  bed . 
J-203A,  recycle  flue  gas  compressor,  taken 
off  line  for  maintenance. 
Air  introduced  into  the  gasifier. 
Started  solids  circulation  test. 
Ended  solids  circulation  test.  Started  lift 
line  gas  flow  test. 
J-203A  back  on  line. 
Lift  line  gas  flow  tests  completed. 
Started  dolomite  circulation. 
NOTE;  UAD-206  line  between  gasifier  and  F-213 
dump  hopper  found  bent.  Maintenance  allowed 
F-213  to  shift  relieving  some  of  the  tension 
on  the  line. 

Started  solids  circulation  test. 
Finished  solids  circulation  test.  Air  re- 
moved from  the  gasifier.  Zinc  oxide  unit 
placed  on  line. 

Started  dead-burned  dolomite  makeup  to  the 
system. 

Steam  introduced  into  the  gasifier  side  flow. 
Started  removing  the  recycle  gas  to  the 
gasifier  boot. 
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Hours 

Date 

Time 

Counting 

12/16 

2335 

12/17 

0024 

0225 

0352 

0510 

0546 

0715 

1645 


II 

M 

12/18 

1650 
1830 
0300 

II 

0345 

II 

0455 

It 

0615 

II 

0830 

II 

0900 

II 

1000 

II 

1215 

II 

1445 

II 

2030 

4.75 


2200 


II 

2340 

12/19 

0420 

M 

0515 

II 

1410 

11 

1630 

It 

1750 

19.25 


30.5 


Description 

Dolomite  circulation  stopped  to  allow  estab- 
lishment of  char  bed. 
Started  feeding  char  to  the  gasifier. 
Started  dolomite  circulation. 
Started  adding  air  to  the  gasifier  side. 
Char  feed  lost  to  gasifier. 
Char  feed  back. 

Started  lowering  regenerator  heater  tem- 
peratures. 

Fuel  char  transfer  to  the  regenerator  started. 
NOTE:   Fuel  char  transfer  was  hard  to  start. 
Transfer  line  seems  to  be  partially  blocked. 
Dead-burned  dolomite  makeup  feed  stopped. 
Dead-burned  dolomite  makeup  resumed. 
Worked  on  improving  fuel  char  transfer.  High 
valve  air  loading  needed  for  decent  transfer. 
Steam  introduced  to  gasifier  boot.   Began  in- 
creasing gasifier  boot  heater  temperatures. 
J-207  A  and  B,  devolatilizer  recycle  gas  com- 
pressors, taken  off  line. 
Fuel  char  transfer  lost. 
NOTE:  Transfer  lost  while  attempting  to 
place  F-215,  char  removal  lockhopper,  on 
line. 

Fuel  char  transfer  regained. 
F-215,  char  removal  lockhopper,  place  on  line. 
Regenerator  at  1800  F. 

F-216,  char  removal  lockhopper,  placed  on  line 
and  F-215  lockhopper  taken  off  line. 
Lignite  feed  started  to  the  gasifier. 
F-215  placed  on  line.  F-216  removed  from 
service. 

Fuel  char  transfer  lost. 

NOTE:   Began  experiencing  trouble  with  char 
transfer  after  F-215  was  placed  on  line. 
F-215  removed  from  service. 
Char  transfer  resumed. 
F-216  placed  in  service. 
Reached  conditions  for  the  first  balance 
period. 

Lowered  lift  gas  flow  to  55,000  SCFH.   Began 
replacing  recycle  gas  to  the  gasifier  boot 
with  steam. 

F-215  placed  on  line,  F-216  taken  out  of 
service. 

Recharged  F-206,  fresh  dolomite  feed  lock- 
hopper, with  fresh  6X9  dolomite. 


88 


Hours 
Date    Time    Counting  Description 


M 


If 

0750 

II 

0815 

11 

0824 

12/20   0200      40      F-216  placed  on  line.  F-215  taken  off  line. 
0345  Started  removing  air  from  the  gasifier  side 

flow.   Began  replacing  the  recycle  gas  to  the 

gasifier  boot  flow  with  steam. 
0655  Recycle  flue  gas  flow  to  the  regenerator  air 

ring  removed. 

Fuel  char  transfer  lost. 
46.25   Fresh  dolomite  makeup  stopped. 

Boiler  shutdown  occurred  due  to  low  water 

level . 
0835  Lignite  feed  to  the  gasifier  stopped.   Boiler 

restarted.  Steam  removed  from  the  gasifier 

boot  and  side  flows,  and  replaced  with  recycle 

gas. 
0900  Boiler  shut  down  again. 

0905  Boiler  relit. 

0908  Steam  reintroduced  into  the  gasifier  boot  and 

side  flows.  Dolomite  circulation  reduced. 
0920  Fuel  char  transfer  recovered.  Char  transfer 

very  poor.  Recycle  gas  removed  from  the  gasi- 
fier side  flow.  Air  introduced  into  the 

gasifier  side  flow. 

Char  feed  to  the  gasifier  started. 

Char  transfer  to  the  regenerator  improving. 

Reestablished  lignite  feed  to  the  gasifier. 

Resumed  fresh  dolomite  makeup. 

F-215  placed  on  line.  F-216  taken  off  line. 

Recycle  flue  gas  to  regenerator  air  ring 

again  discontinued.  Dolomite  circulation 

raised. 

Air  removed  from  gasifier. 

F-216  on  line.  F-215  taken  off  line. 

Upset  in  gasifier.   Lost  seals  on  solids 

transfer  lines.  Acceptor  lift  line  plugged. 

Started  emptying  gasifier  contents  into  F-213. 

Gasifier  empty. 

Added  dead -burned  dolomite  to  gasifier. 

Air  added  to  regenerator  through  FRC-2113. 

Attempted  to  clear  lift  line  without  success. 

Started  emptying  gasifier. 

Depressuring  system. 

Gasifier  empty. 

All  recycle  compressors  shutdown. 

System  depressured. 

Regenerator  empty. 

Pressuring  system  up. 

Recycle  compressors  started.  Began  circu- 
lating gas  to  cool  down  system. 
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M 

1000 

M 

1010 

M 

1315 

M 

1351 

II 

1425 

II 

1446 

II 

1845 

12/21 

0215 

II 

0220 

II 

0545 

II 

1230 

II 

1240 

II 

1325 

It 

1428 

II 

1500 

II 

1535 

II 

1545 

II 

1650 

II 

1900 

II 

2000 

II 

2100 

Hours 
Date    Time    Counting  Description 

12/22   1630  Started  depressuring  system. 

-I      1830  System  depressured. 

3.2.4  Run  23 

1500  Pressuring  up  plant. 


1910 


tl 

2000 

ft 

2025 

II 

2145 

II 

2400 

./8 

0815 

II 

1015 

II 

1225 

II 

1425 

II 

1625 

II 

2315 

1/7     1500  pressuring  up  piaui.. 

„      1635  System  at  150  PSIG.  Started  static  pressure 

leak  test. 

Static  pressure  test  finished.  J-309,  CO^ 

recycle  compressor,  started. 

Started  gas  circulation  tests. 

Heaters  lit. 

A  and  B  gas  dryers  in  service. 

Gas  circulation  tests  finished.  Regenerator 

at  250°F.  Starting  two-hour  hold. 

Holding  reactor  temperatures  while  running  a 

leak  test. 

Leak  test  finished,  continuing  with  the 

reactor  heatup. 

Regenerator  at  700  F.  Starting  two-hour 
hold  to  cure  refractory. 

Refractory  cure  finished.  Beginning  to  raise 
reactor  temperatures. 
ZnO  towers  placed  on  line. 

Started  filling  gasifier  with  dead-burned  dolomite 
via  F-204A,  lignite  feed  lockhopper. 
1/9     0100  Started  feeding  dead-burned  dolomite  to  the 

regenerator  via  F-206,  dolomite  feed  lock- 
hopper,  r^  OA^ 

Stopped  feeding  dead-burned  dolomite  from  F-206. 

Started  solids  circulation. 

NOTE:  Circulation  very  unstable. 

SolTds  circulation  through  TCV-2030  lost. 

Started  lowering  heater  temperatures. 

ZnO  towers  taken  out  of  service.  System 

pressure  lost  momentarily.  dPRC-20j0  placed 

on  manual  and  control  regained. 

Heaters  placed  on  pilot. 

Lift  line  plugged  while  attempting  to  transfer 

solids. 

Plant  depressured  to  remove  plug  in  calcined 

acceptor  standleg,  CD-206. 

Pressuring  up  system. 

System  pressure  at  150  PSIG. 

Recycle  compressors  started.   "A"  gas  dryers 

placed  in  service. 


II 

0800 

11 

0830 

II 

0900 

11 

1931 

II 

2130 

II 

2230 

L/10 

0135 

II 

0430 

II 

1614 

11 

1840 

II 

2045 

90 


Date 

1/10 
1/11 


Time 

2130 
0415 

0555 


Hours 
Counting 


tl 

0700 

fl 

1200 

(1 

1220 

It 

1400 

/14 

0900 

II 

1010 

It 

1040 

It 

1130 

1230 


1255 

1315 

1420 

1700 

1815 

1955 

2015 

2035 

2100 

2153 

2250 

1/15 

0830 

1100 
1555 

1705 

2315 


tt 

2335 

»l 

2345 

1/16 

0155 

Description 

Heaters  lit.  Gas  circulation  started. 
Starting  to  depressure  due  to  a  leak.  Com- 
pressors shut  down.  Heaters  shut  down. 
Pressuring  up  system.  Heaters  lit.  Recycle 
compressors  started. 

"A"  and  "B"  gas  dryers  placed  in  service. 
ZnO  towers  placed  on  line. 

Shutdown  procedure  initiated  due  to  a  natural 
gas  curtailment. 
System  depressured. 
Pressuring  up  system. 
System  at  150  PSIG. 
Recycle  compressors  started. 
Started  gas  circulation.  Heaters  lit.   "A" 
gas  dryer  placed  in  service. 
Gas  circulation  through  FCV-2014  and  FCV-2260 
very  poor. 

"B"  gas  dryer  placed  in  service. 
Lift  line  plugged.   Initiated  shutdown 
procedures. 
System  depressured. 

Blew  the  regenerator  ring  with  air  and  cleared 
lines  CO-202,  CO-204,  and  CD-204. 
Pressuring  up  system. 

Recycle  compressors  started.  Gas  circulation 
initiated. 

"A"  and  "B"  gas  dryers  placed  in  service. 
System  at  150  PSIG. 
Started  leak  test. 
Leak  test  finished. 
Heaters  lit. 
Solids  valves  stroked. 

NOTE;  Temporarily  plugged  the  lift  line. 
Solids  were  removed  through  F-213,  purged 
dolomite  lockhopper. 
ZnO  unit  placed  on  line. 
Feeding  dead-burned  dolomite  to  the 
gasifier  via  F-204A. 

Feeding  dead-burned  dolomite  to  the  regen- 
erator via  F-206. 

Transferred  dead-burned  dolomite  to  the 
gasifier  from  regenerator. 
Started  circulating  solids. 
Solids  circulation  stopped. 
Started  losing  system  pressure. 
NOTE:  A  leak,  ice  and  water,  found  in  the 
FI-2301  purge  lines. 
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Date 


1/16 


Time 


0645 


Hours 
Counting 


II 

1110 

II 

1250 

II 

1255 

II 

1331 

II 

1510 

II 

1530 

II 

1745 

II 

1900 

II 

2100 

II 

2110 

II 

2200 

II 

2335 

t1 

2345 

717 

0005 

II 

0045 

II 

0150 

II 

0205 

II 

0330 

M 

0340 

0455 


1100 


II 

1215 

II 

1345 

II 

2000 

II 

2045 

1/18 


2400 


0350 


24.33 


Description 

Started  solids  circulation. 

NOTE:  Gas  flow  tests  were  run  earlier, 

however,  poor  data  was  obtained  due  to  upset. 

Started  dead-burned  dolomite  makeup  to  the 

regenerator. 

Solids  circulation  stopped.  Dead -burned 

dolomite  makeup  stopped.  Started  gas  flow 

tests . 

Gas  flow  tests  finished. 

Started  circulating  solids. 

Started  solids  circulation  tests. 

Finished  solids  circulation  tests. 

Introduced  steam  to  the  gasifier  side. 

Started  feeding  char  to  the  gasifier  via 

F-204A. 

Started  dead -burned  dolomite  circulation. 

Started  lowering  B-203  and  B-204  heater 

temperatures. 

Air  introduced  into  the  gasifier  side. 

Air  introduced  into  the  regenerator. 

Placed  the  char  removal  system  into  service. 

Fuel  char  transfer  to  the  regenerator  started 

Fuel  char  transfer  lost . 

Fuel  char  transfer  regained. 

Fuel  char  transfer  lost . 

Fuel  char  transfer  regained. 

Regenerator  at  1800  F. 

Introduced  steam  into  the  gasifier  boot. 

Raising  boot  heater  temperatures. 

Char  removal  system  plugged. 

NOTE:   Blew  out  plug  without  losing  char 

transfer. 

Dead-burned  dolomite  circulation  through 

recarbonated  acceptor  flow  control  valve, 

LCV-2003,  poor.  Fuel  char  transfer  lost. 

Dead-burned  dolomite  circulation  back. 

Fuel  char  transfer  back. 

Lignite  feed  to  gasifier  via  F-204A  started 

Fuel  char  transfer  lost  and  regained. 

NOTE:   Bottom  drain  valve  on  F-216,  char 

removal  lockhopper,  leaking. 

Fuel  char  transfer  to  F-215,  char  removal 

lockhopper,  lost  without  explanation. 

Fuel  char  transfer  to  F-215  regained. 
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1/19 

0300 

fi 

1135 

1) 

1300 

II 

1400 

Hours 
Date   Time    Counting  Description 

1/18   1630  Fuel  char  transfer  to  the  regenerator  lost. 

NOTE:   Loss  caused  while  equalizing  F-216 

vessel  with  F-215  vessel. 
"     1745  Fuel  char  transfer  regained. 

"     1830  J-201A,  gasifier  recycle  gas  compressor,  shut 

down  and  placed  on  standby. 
"     2030  Fresh  6X9  dolomite  introduced  into  the 

system. 
47.5   Decreased  the  air  to  the  gasifier  side  flow. 

The  automatic  differential  control  valve, 

for  dPRC-2102,  on  the  char  removal  line  was 

switched  to  purging  instead  of  venting. 

CO^  introduced  into  the  gasifier  boot. 

Gasifier  boot  level  controller  placed  on 

manual  for  15  minutes  due  to  slight  upset. 
1433  Replacing  recycle  gas  to  the  boot  with  steam 

slowly.  Continuing  to  decrease  the  air  to 

the  gasifier  as  temperature  permits. 

Excess  flue  gas  routed  to  the  preheater. 

Increased  dolomite  circulation  and  lowered 

the  gasifier  boot  flow  slightly. 
73     Air  out  of  the  gasifier  side. 

Gasifier  air  blocked  in. 

Dolomite  circulation  cut  and  gasifier  boot 

flow  increased. 

Increasing  steam  to  the  gasifier  side. 

Increased  steam  to  the  gasifier  boot.  Cut 

recycle  gas  to  the  gasifier  boot  and  steam 

to  the  gasifier  side. 

Continued  adjusting  gasifier  flows. 

F-324,  gasifier  quench  tower  stripper  tank, 

plugged  in  drain  to  the  pond. 

NOTE;   The  line  plugged  after  flushing  E-301, 

gasifier  quench  tower. 
"     2340  Quench  system  back  to  normal. 

"  0100-0500    97.5   Continued  adjusting  gasifier  flows,  increasing 

the  boot  steam  and  decreasing  boot  recycle  and 

side  steam. 
"     0720  Gasifier  quench  system  plugged  again. 

NOTE:   Plug  developed  at  the  outlet  nozzle 

of  E-301. 
"     0835  Fuel  char  transfer  lost  while  switching  the 

char  removal  hoppers. 


tl 

2220 

/20 

0310 

M 

0430 

It 

0435 

M 

0835 

II 

1115 

II 

1405 

11 

1520 

II 

2115 

93 


Hours 

Date 

Time 

Counting 

1/21 

0855 

If 

0910 

II 

0918 

II 

0920 

II 

1010 

II 

1025 

II 

1045 

II 

1330 

II 

1545 

II 

1930 

II 

2000 

II 

2120 

1/22 

0030 

II 

0112 

II 

0130 

II 

0300 

11 

0330 

120 

II 

0415 

II 

0700 

It 

2110 

Description 

Flue  gas  removed  from  the  preheater. 
Fuel  char  transfer  regained. 
Air  introduced  into  the  gasifier  side. 
Fuel  char  transfer  lost. 
Boot  and  side  flows  reduced. 
Lignite  feed  shutoff. 

Char  feed  to  the  gasifier  started.  Fuel 
char  transfer  regained. 
Resumed  lignite  feed  to  the  system. 
Quench  system  back  to  normal  operation. 
Air  removed  from  the  gasifier  side.   Fuel 
char  transfer  shook  up  when  switching  the 
char  removal  lockhoppers. 

Seal  on  fuel  char  flow  control  valve,  LCV-2UU^ 
lost.  Recovered  right  away. 

Char  transfer  lost  while  rodding  S-13,  regained 
transfer  by  stroking  flow  control  valve. 
Boot  level  shaky. 

NOTE:   Raised  the  boot  flow  slightly  for  15 
ii^tes  and  then  returned  it  to  original  flow. 
Switched  from  J-201B  to  J-201A  compressor. 
Raised  boot  flow  slightly. 
Pin  sheared  on  the  Redler  conveyor,  lignite 
feed  conveyor,  in  the  100  area.  Grinding 
shut  down. 

Started  replacing  boot  recycle  with  steam. 
Excess  flue  gas  going  to  the  preheater. 
Continued  adjusting  the  gasifier  flows. 
Reduced  the  discharge  pressure  on  J-202, 
main  air  compressor,  due  to  a  third  stage 
packing  leak. 
1/23    0900     149.5    Adjusted  the  gasifier  TE's  insertion  and 
^'^  received  a  better  temperature  reading  from  the 

bed.  ^     *-  A 

J-207A,  devolatilizer  recycle  compressor,  started 

J-201A,  gasifier  recycle  compressor,  shut  down 

for  maintenance. 

Started  grinding  in  the  100  area. 

Dolomite  circulation  slowed  down  due  to  high 

gasifier  bed  density. 

Introduced  air  into  the  side  of  the  gasifier. 

Started  increasing  6X9  dolomite  makeup  and 

cut  the  dolomite  circulation. 


0910 

0915 

1535 

1600 

1730 

1855 

94 


Date 


Time 


Hours 
Counting 


1/24  0030-0520 


0600 


It 

0610 

11 

0640 

tf 

0915 

?l 

0940 

tl 

1250 

II 

0835 

11 

1900 

II 

1945 

11 

2400 

1/25 

0025 

M 

0325 

II 

0720 

II 

0800 

1055 


II 

1825 

M 

1900 

II 

2050 

M 

2050 

II 

2230 

M 

2310 

1/26 

0100 

II 

0615 

1/27 

0230 

170.5 


Description 

Increased  withdrawal  rates  to  the  char  removal 
hoppers  and  to  the  purged  dolomite  lockhoppers. 
The  bed  density  continued  to  rise. 
Dolomite  transfer  through  LCV-2003  lost.  Upset 
caused  by  drift  in  gasifier  boot  gas  flow  con- 
trol.  Steam  withdrawn  from  the  gasifier  boot 
and  replaced  with  recycle  gas.  Lignite  feed 
shut  off.  Recycle  gas  added  to  the  regen- 
erator side  flow. 

Flue  gas  removed  from  the  preheater. 
Started  char  feed  to  the  gasifier. 
Plug  in  CD-204  line  broken  up  by  blowing  into 
S-10  sample  point. 
Dolomite  circulation  good. 
Raised  steam  to  the  gasifier  boot. 
NOTE:   Pulling  out  excess  fines  by  dumping 
into  the  char  removal  system. 
100  area  grinding  mill  jammed. 
Grinding  mill  shut  down  for  maintenance. 
Increased  steam  and  air  to  the  gasifier  side. 
Gasifier  quench  tower  plugged. 
Quench  system  back  to  normal . 
Lignite  feed  started  to  the  gasifier. 
J-201A,  gasifier  recycle  compressor,  shut  down. 
Fuel  char  transfer  lost  momentarily.   Regained 
transfer  right  away. 
J-207  A  and  B  compressors  started. 
NOTE:   System  on  hold  due  to  a  broken  mill 
bottom  casting  in  the  100  area  roller  mill. 
Fuel  char  transfer  lost. 
Fuel  char  transfer  regained. 
Fresh  dolomite  makeup  shut  off. 
Lignite  feed  to  the  gasifier  shut  off.  Char 
transfer  shut  off.   Reducing  gasifier  boot 
heater  temperatures.  Backing  the  air  out 
of  the  regenerator  and  increasing  the  re- 
cycle.  Dolomite  transfer  through  TCV-2030 
poor. 

Steam  removed  from  the  gasifier  boot. 
All  air  out  of  the  gasifier. 
Started  adding  dead-burned  dolomite  to  the 
system. 

Still  having  trouble  transferring  through 
TCV-2030. 

Lowered  the  gasifier  boot  flow  in  order  to 
shower  acceptor  better. 
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Hours 

Date 

Time 

Counting 

1/27 

0520 

1? 

1000 

II 

1020 

M 

1045 

If 

1100 

II 

1300 

II 

1540 

1/28 

0115 

II 

0137 

II 

0540 

II 

0910 

II 

1020 

If 

1330 

M 

1635 

1/29 

0612 

II 

0845 

M 

1400 

II 

2400 

1/30 

0540 

II 

0605 

II 

0904 

II 

0910 

It 

1600 

1/31 

1450 

It 

1600 

II 

2130 

II 

2215 

2/1 

0110 

II 

0200 

11 

0300 

II 

0430 

Description 

Raised  gasifier  flows  back  to  normal  flow. 
Lowering  gasifier  temperatures  in  order 
to  dump  contents. 
TCV-2030  closed. 
ZnO  towers  taken  off  line. 
Removed  steam  from  the  gasifier  side  flow 
and  replaced  it  with  recycle  gas. 
Began  emptying  gasifier  contents  to  F-213. 
Transferred  acceptor  through  TCV-2030. 
F-206,  dolomite  feed  lockhopper,  empty. 
NOTE:   For  the  last  12  hours,  conditioned 
dolomite  was  fed  to  the  regenerator.  The 
regenerator  contents  were  transferred  to 
the  gasifier  and  then  to  F-213. 
Started  raising  the  temperatures  on  the  gasifier 
heaters. 

Transferred  a  batch  of  acceptor  through  LCV-2003, 
OK. 

Introduced  air  into  the  regenerator  ring. 
Started  solids  circulation. 

Stopped  solids  circulation  in  order  to  run  gas 
and  solids  circulation  tests. 
Circulation  tests  finished.  Continued  with 
circulating  solids. 

Dumped  a  batch  of  stone  to  F-213  to  check 
system. 

TCV-2030  will  not  stroke. 

NOTE:  Worked  on  valve.   Replaced  a  shaft  key 
and  some  packing. 

TCV-2030  action  better  and  improving. 
NOTE:  Continued  circulating  solids  and  with- 
drawing to  F-213. 
Transfer  through  TCV-2030  lost. 
Transfer  regained. 
Transfer  lost  through  TCV-2030. 
Transfer  regained. 

"B"  zinc  oxide  tower  placed  on  line. 
"A"  zinc  oxide  tower  placed  on  line. 
Started  heating  up  the  preheater. 
Started  heating  up  the  100  area  grinding  equip- 
ment. 

Stopped  solids  circulation. 
All  air  removed  from  the  system. 
Started  grinding  char. 
Shut  down  grinding. 
Started  grinding  again. 
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Hours 

Date 

Time 

Counting 

2/1 

0445 

0515 

0625 

0900 

1000 

1015 

1045 

1310 

1400 

1420 

1500 

Description 

Introduced  steam  into  the  gasifier  side  flow. 
Started  char  addition  to  the  gasifier. 
Started  circulating  acceptor. 

Lost  the  dryer  furnace  in  the  100  area.   Grinding 
shut  down. 

Introduced  air  into  the  gasifier  side  flow. 
Dryer  furnace  fixed  and  heating  up  the  100  area. 
Started  grinding  char  again. 
Shut  down  grinding  due  to  plugged  fines  line. 
Started  grinding  again. 

Finished  grinding  char  and  now  grinding  lignite. 
Started  fuel  char  transfer  to  the  regenerator. 
NOTE:   Experienced  trouble  starting  char 
transfer. 
1630  Raised  reactor  differential  to  8  PSI  and 

gained  good  char  transfer. 
Added  steam  to  the  gasifier  boot  flow. 
J-201A  taken  off  line  and  placed  on  standby. 
Fines  line  on  scalping  screen  plugged,  stopped 
grinding  in  100  area. 
Resumed  grinding. 

Finished  lignite  grinding  and  going  to  char 
grinding. 
2/2     0045      0     Regenerator  at  1800°F.  All  recycle  gas  removed 

from  the  regenerator  ring  flow. 
J-207A  and  B  compressors  on  standby. 
Resumed  lignite  grinding. 
Started  feeding  lignite  to  the  gasifier. 
Switched  char  removal  hoppers  and  upset  char 
transfer  momentarily. 
CO-  added  to  the  gasifier  boot  flow. 
Pin  sheared  on  L-204,  fresh  dolomite  feeder. 
Replaced  pin  and  sheared  it  again. 
Sheared  pin  replaced. 

Started  feeding  6X9  dolomite  to  the  system. 
Upset  in  the  gasifier  boot.  Reduced  solids 
circulation,  fresh  dolomite  makeup,  and  steam 
to  the  boot.  Recycle  gas  was  increased  in  the 
gasifier  boot  flow. 
2300  NOTE:  Gasifier  boot  returned  to  normal  after 

increasing  boot  flow  and  then  coming  back 
to  normal  flows. 
2400  Gasifier  boot  upset  again. 

NOTE:   Increased  boot  steam  flow  and  the 
boot  stabilized. 


II 

1830 

II 

1945 

M 

2030 

II 

2200 

11 

2300 

0100 

0215 

0345 

0800 

1200 

1410 

1600 

1830 

2218 

2300 

97 


II 

0835 

If 

0915 

It 

0930 

II 

1500 

Hours 
Date    Time    Counting  Description 

2/3     0250      26      Resumed  6X9  dolomite  makeup.   Switched  char 

removal  hoppers  and  had  a  small  upset  with 
the  char  transfer. 
Decreased  air  to  the  gasifier  side. 
100  area  baghouse  has  a  sheared  pin  on  the 
carriage  chain  and  a  broken  gear  on  the  carriage 
drive . 

Increased  steam  to  the  boot  and  cut  recycle  gas. 
Initiated  conservation  measures  in  order  to 
save  lignite. 
2200  J-201A  placed  on  line.  J-201B  not  functioning 

properly. 

Feeding  char  to  the  gasifier. 
100  area  baghouse  repaired. 
Heating  up  the  100  area. 
Started  grinding  lignite  again. 
J-201B  compressor  shut  down. 
46.5    Started  feeding  lignite  to  the  gasifier. 

Reduced  air  to  the  gasifier. 
53.25   Located  a  hot  spot  on  acceptor  lift  line, 
CD-208.   Initiated  shutdown  procedures. 
Started  shutting  down  the  100  area. 
Zinc  oxide  towers  taken  off  line. 
System  depressured. 


II 

2250 

II 

2340 

II 

2355 

1/4 

0110 

n 

0240 

II 

0315 

M 

0732 

II 

1000 

II 

1150 

2/5 

0610 

98 


4   RESULTS  AND  DISCUSSION 


4 . 1    BACKGROUND 

Run  22A  was  conducted  with  the  limited  objective  of  demonstrating 
plant  operation  using  only  steam  for  the  gasifier  boot  flow.   In  all 
previous  runs,  recycle  gas  or  a  combination  of  recycle  gas  and  steam 
had  been  used.   Run  22A  ended  as  a  result  of  the  step-change  approach 
attempted  for  removing  recycle  gas  from  the  boot  flow.  The  rapid  ad- 
justment of  the  boot  flow  from  50  percent  steam  to  100  percent  steam  re- 
sulted in  unstable  boot  fluidization  due  to  inadequate  steam  flow.  Approx- 
imately 45  minutes  after  the  changeover  to  100  percent  steam  had  been  made, 
the  boot  acceptor  bridged  causing  the  recarbonated  acceptor  standleg, 
CD-204,  to  empty.   The  char  bed  then  defluidized  due  to  the  disgorging  of 
acceptor.   The  gasifier  was  drained,  but  acceptor  circulation  could  not 
be  regained  through  CD-204.   Significantly,  however,  there  was  no  evidence 
that  the  use  of  pure  steam  per  se  was  in  any  way  detrimental  to  the  proc- 
ess operation. 

Between  Runs  22A  and  22B  a  major  plant  turnaround  was  scheduled 
in  which  the  following  changes  were  made: 

(1)  Replacement  of  the  regenerator  refractory. 

(2)  Enlargement  of  the  calcined  acceptor  standleg,  CD-206,  from  a 
4-inch  to  a  6-inch  diameter  line. 

(3)  Modification  of  the  gasifier  quench  system. 

(4)  Installation  of  a  second  regenerator  flue  gas  cyclone. 

(5)  Installation  of  a  new  gasifier  boot  gas  distributor. 

(6)  Installation  of  a  gasifier  char  removal  system. 

Following  the  completion  of  the  above  items,  Run  22B  was  initiated. 
The  prime  objective  for  this  run  and  Runs  22C  and  23  was  to  achieve 
longterm,  integrated  plant  operation,  preferably  for  a  period  of  thirty 
days.  Operation  of  the  new  char  removal  system  and  the  modified  gasi- 
fier quench  system  was  demonstrated  during  Run  22B.   However,  prior  to 
the  establishment  of  fresh  acceptor  makeup,  the  plant  was  shut  down  due 
to  the  freezing  of  the  gasifier  quench  tower  level  control.  The  quench 
tower  filled  with  water  and  water  carried  into  the  flare  header  and  was 
pumped  through  the  gasifier  recycle  gas  compressors.  Following  the  re- 
sulting system  overpressurization,  the  external  expansion  joint,  EJ-4,  on  the 
gasifier  side  flow  line  was  found  to  be  leaking.  The  plant  was  then  shut 
down. 
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In  Run  22C  the  startup  proceeded  through  the  stage  in  which  raw 
lignite  was  fed  to  the  system  and  for  an  eight  hour  period  air  was  re- 
moved as  a  source  of  gasifier  heat.  As  in  Run  22A,  low  gas  flow  to  the 
gasifier  boot  caused  the  termination  of  the  run.   The  boot  acceptor 
bridged  causing  the  recarbonated  acceptor  standleg  to  drain.  Acceptor 
lift  gas  then  blew  into  the  gasifier  through  the  empty  standleg  allowing 
the  acceptor  lift  line,  CD-208  to  fill  the  solids  and  plug.   Since  the 
lift  line  could  not  be  cleared,  the  plant  was  shut  down. 

Run  23  was  the  most  successful  of  the  four  runs.  The  run  featured 
totals  of  218  hours  with  lignite  feed  to  the  system,  199  hours  of  fresh 
acceptor  makeup,  and  53  hours  operation  without  the  need  for  gasifier 
air  addition.  Considerably  longer  periods  would  have  been  achieved  had 
not  a  casting  in  the  lignite  roller  mill  broken.  The  broken  casting 
forced  shutdown  of  the  100  area  grinding  system.   During  the  following 
six  days  which  were  required  to  procure  and  install  a  new  part,  no 
lignite  feed  was  available  to  the  system.   The  gasifier  was  drained  and 
operated  in  a  hold  condition.   In  the  hold  condition,  acceptor  was 
continuously  circulated  between  the  regenerator  and  the  gasifier,  and 
the  reactors  were  allowed  to  cool  to  a  temperature  which  could  be  main- 
tained by  the  recycle  gas  heaters.  Two  days  after  the  lignite  mill  was 
repaired,  a  sheared  pin  and  a  worn-out  gear  in  the  lignite  baghouse 
blower  carriage  drive  forced  a  downgrading  of  plant  operations  to  con- 
serve lignite  feed  for  a  15  hour  period.   Shortly  after  reliable  lignite 
feed  to  the  system  was  established,  a  hot  spot  developed  on  the  acceptor 
lift  line.  A  decision  was  then  made  to  shut  down  the  plant. 

Although  the  lignite  grinding  system  mechanical  problems  plagued 
operations  throughout  the  run.  Run  23  provided  a  wealth  of  information. 
The  sources  of  the  intermediate  fines  were  investigated,  the  accumula- 
tion of  this  "junk"  material  was  monitored  during  the  run,  and  most 
significantly,  the  run  demonstrated  that  stable  boot  operation  could  be 
achieved  by  maintaining  relatively  high  fluidizing  gas  velocities. 

4.2    ACCOMPLISHMENTS 

4.2.1  Major  Operational  Achievements 

The  progress  of  plant  operations  for  Runs  22  and  23  are  sum- 
marized below: 
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SUMMARY  OF  PLANT  OPERATIONS 

Hours  With 

With    Continuous     Fresh     Without 

At  Process   Lignite   Acceptor  Acceptor   Gasifier 


Run 

Conditions 

Feed 

Circulation 

Makeup 

Ai: 

22A 

20 

19 

36 

0 

0 

22B 

20 

12 

82 

0 

0 

22C 

64 

55 

96 

27 

8 

23  (1st 

per: 

iod) 

170 

168 

364 

167 

53 

23  (2nd 

per: 

iod) 

53 

50 

32 

0 

The  summary  shows  that  the  plant  was  operated  at  process  condi- 
tions for  significant  periods  during  all  runs.   Runs  22C  and  23  were  the 
most  successful  featuring  8  and  53  hour  periods  respectively  in  which 
the  plant  was  operated  in  an  integrated  manner  without  the  use  of  air  to 
supply  any  of  the  gasifier  heating  requirements. 

4.2.2  Plant  Data 

Table  22-6  through  22-32  summarize  the  plant  data  for  each  of  the 
four  runs.   Process  operating  conditions  are  shown  in  Tables  22-6 
through  22-13.  Analyses  of  typical  feedstocks  are  presented  in  Tables 
22-14  through  22-17,  while  analyses  of  effluent,  purged,  and  circulated 
materials  are  presented  in  Tables  22-18  through  22-32. 

Since  the  Run  22  series  did  not  achieve  any  extended  periods  of 
steady-state  operation,  some  plant  data  were  never  obtained.   In  parti- 
cular, samples  of  circulated  acceptor  were  never  analyzed  for  Run  22A 
and  elemental  analyses  of  circulated  acceptor  for  Runs  22B  and  22C  and 
elemental  analyses  for  the  organic  pond  solids  for  Run  22B  were  not 
obtained. 

4.2.3  Acceptor  Lift  Line 

Acceptor  circulation  tests  were  conducted  during  each  run  of  the 
Run  22  and  Run  23  series.  These  tests  were  performed  to  gather  data 
from  which  quick  estimates  of  the  acceptor  circulation  during  a  run 
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could  be  made  and  to  provide  additional  data  for  incorporation  into  an 
existing  general  lift  line  pressure  drop  correlation   .  As  in  all  runs 
since  Run  17,  the  tests  consisted  of  two  parts:   (1)  a  gas  flow  test  in 
which  the  lift  line  pressure  drop  was  measured  for  various  gas  rates 
without  solids  circulation;  and  (2)  a  solids  circulation  test  in  which 
the  lift  line  pressure  drop  was  measured  for  various  solids  circulation 
rates. 

The  gas  flow  tests  were  conducted  to  insure  system  integrity.  By 
measuring  the  lift  line  pressure  drop  due  to  gas  flow  only  and  then  com- 
paring the  value  with  the  pressure  drop  predicted  by  the  Fanning  equa- 
tion, shifts  in  differential  pressure  instrument  range  and  zeroing 
errors  could  be  easily  detected.  The  gas  flow  pressure  drop  data  for 
the  acceptor  lift  line  are  presented  in  Table  22-1  and  are  plotted  in 
Figure  22-1.  To  eliminate  the  need  to  consider  acceleration  effects, 
only  data  for  the  upper  34  feet  of  the  lift  line  are  presented.  As 
shown  in  Figure  22-1,  the  slope  of  the  predicted  versus  measured  pres- 
sure drop  is  1.0  for  all  tests.  Therefore,  the  instrument  range  re- 
mained constant  during  Runs  22  and  23  time  period.  The  abscissa  inter- 
cept of  0.8  represents  accumulated  error  for  instrument  zeroing,  gas 
temperature  measurement,  and  the  density  effect  of  the  cold  purge  gas  on 
the  measured  pressure  drop  (refer  to  Run  17  report) . 

Solids  circulation  data  are  presented  in  Table  22-2.  Again,  to 
eliminate  the  acceleration  effects,  only  the  pressure  drops  over  the 
upper  lift  line  section  are  considered  here.   The  tests  consisted  of: 
(1)  establishing  continuous  steady  acceptor  circulation  between  the 
regenerator  and  the  gasifier  reactors  in  the  absence  of  a  gasifier  char 
bed;  (2)  recording  acceptor  lift  line  pressure  drop  for  the  steady-state 
condition;  (3)  draining  the  gasifier  boot  to  a  low  level  while  main- 
taining continuous  calcined  acceptor  flow  to  the  gasifier;  and  (4) 
recording  the  time  required  to  fill  the  gasifier  boot  after  stopping  the 
recarbonated  acceptor  flow  from  the  gasifier.  Differential  pressure 
measurements  were  used  to  measure  the  gasifier  boot  levels. 

The  above  test  procedure  has  been  standard  practice  since  Run  16. 
However,  the  procedure  was  slightly  modified  during  Run  22C  to  include 
direct  measurement  of  the  lift  line  pressure  drop  at  constant  solids 
circulation  rates  for  various  lift  gas  flows.  These  data  are  presented 
in  Table  22-2  and  in  Figure  22-2.  As  shown  in  the  figure  for  any  given 
set  of  conditions  of  lift  gas  temperature,  pressure  and  solids  circula- 
tion rate,  there  exists  a  lift  gas  velocity  at  which  the  lift  line 


^  ''interim  Report  No.  3,  Phase  II--Bench-Scale  Research  on  CSG  Process, 

January,  1970.   Book  1,  Studies  on  Mechanics  of  Fluo-Solids  Systems, 
National  Technical  Information  Service  PB-184718/AS. 
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pressure  drop  will  be  minimum.   Below  this  velocity  the  lift  line 
operation  is  unstable.  The  line  will  alternately  fill  with  solids  and 
then  empty.  This  condition  could  easily  lead  to  plugging  of  the  lift 
line.  For  velocities  greater  than  the  velocity  for  minimum  pressure 
drop,  the  lift  line  operation  is  stable.  However,  increased  erosion  of 
the  lift  line  will  occur  at  the  higher  lift  gas  rates.  The  optimum 
operating  condition  is  for  the  lift  gas  velocity  to  be  at  or  slightly 
greater  than  that  required  for  minimum  pressure  drop.  For  the  condi- 
tions of  the  pilot  plant  operation  the  lift  gas  velocity  is  maintained 
between  50  and  60  feet  per  second. 

4.2.4  Control  of  Intermediate  Fines 

Following  Run  22A,  a  gasifier  char  removal  system  was  installed 
to  provide  control  of  the  intermediate  fines  accumulation.  The  char  re- 
moval system  is  shown  schematically  in  Figure  22-3.  The  system  consists 
of  two  parallel  lockhoppers  into  which  a  portion  of  the  regenerator  fuel 
char  standleg  material  is  withdrawn.  To  allow  withdrawal  of  material 
from  the  char  standleg,  CO-202,  a  'Y' -shaped  spool  piece  was  installed 
in  the  standleg  at  the  point  at  which  the  60  degree  sloped  section  joins 
the  vertical  line  to  the  char  pickup  station.  To  cool  the  1400  to 
1500  F  material,  a  steam  jacket  was  provided  on  the  line  below  the  'Y' 
spool  piece. 

The  idled  devolatilizer  and  gasifier  emergency  dump  hoppers, 
F-215  and  F-216,  respectively  were  modified  and  used  for  the  char  dump 
hoppers.  The  vessel  modifications  included:   (1)  removal  of  the  3-inch 
layer  of  internal  insulation;  (2)  reducing  the  length  of  the  inlet  pipe 
neck  on  the  top  heads;  and  (3)  the  installation  of  68  degree  cones  in 
the  bottom  of  the  vessels.  Each  vessel  provides  approximately  20  cubic 
feet  of  usable  volume  for  solids  removal.   Presently,  operation  is 
manual.  When  one  hopper  is  filled,  the  other  hopper  is  put  on  stream  by 
opening  the  ball  valve  in  the  line  to  the  empty  hopper.  The  full  hopper 
is  depressured  and  then  emptied  into  a  tote  bin.   The  dumped  hopper  is 
then  repressured  and  held  in  a  standby  condition  until  the  hopper  is 
filled.   The  flow  rate  of  material  to  the  diamp  hoppers  is  controlled  by 
a  Posi-Seal  butterfly  valve  in  the  line  below  the  steam  jacket.   Level 
within  the  hoppers  is  detected  using  thermocouples  and  a  vibrating  reed 
device. 

Experience  gained  with  the  char  removal  system  during  Runs  22B 
and  22C  lead  to  several  minor  instrumentation  changes  which  improved  the 
reliability  of  the  operation.   During  Run  23  the  char  removal  system  was 
operated  in  a  manner  which  effectively  controlled  the  buildup  of  the 
intermediate  fines  material.   Figure  22-4  shows  a  plot  of  smoothed  data 
for  the  intermediate  fines  inventory  during  the  first  stage  of  the  run 
prior  to  putting  the  system  in  a  hold  condition  due  to  the  discovery  of 
a  broken  casting  in  the  lignite  grinding  mill.  The  rate  of  total  solids 
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removal  through  the  char  removal  system  averaged  about  80  LBS/HR  prior 
to  the  purposeful  "dejunking"  period  which  was  initiated  at  1410  hours 
on  January  24.  During  the  "dejunking"  period,  the  solids  removal  rate 
varied  between  156  LBS/HR  to  217  LBS/HR.  As  shown  in  the  figure,  the 
high  withdrawal  rate  significantly  decreased  the  total  intermediate 
fines  ("junk")  within  the  system. 

The  regenerator  intermediate  fines  inventory  was  determined  by 
multiplying  the  total  fluidized  bed  inventory  by  the  fraction  inter- 
mediate fines  in  the  calcined  acceptor  sample  which  is  taken  from  the 
calcined  acceptor  standleg,  CD-206.  All  particles  less  than  20  Tyler 
mesh  in  the  calcined  acceptor  sample  were  considered  to  be  intermediate 
fines.  Within  the  gasifier  the  fraction  intermediate  fines  in  the  char 
bed  was  determined  by: 

F  =  (C100-PC)*PA)/10'^ 

Where:  F  =  Fraction  intermediate  fines 

PA  =  Weight  percent  -Tyler  mesh  particles  in  the 

acceptor  fraction  of  the  char  bed 
PC  =  Weight  percent  char  in  the  char  bed 

The  percent  char  was  routinely  determined  for  a  sample  taken 
from  the  char  bed  using  an  ashing  technique  developed  by  the  Rapid  City 
laboratory^  .  The  total  solids  inventories  in  both  the  regenerator 
and  gasifier  reactors  were  estimated  by: 

^c 
W  =  _ii  AAP 

g 

Where:  A  =  Cross  sectional  area  of  the  fluidized  bed 
g  =  Acceleration  of  gravity 
g  =  Newton's  law  conversion  factor 
aP  =  Differential  pressure  drop  across  fluidized  bed 
W  =  Total  weight  of  solids  in  fluidized  bed 

Table  22-3  further  demonstrates  the  effectiveness  of  the  char 
removal  system  in  controlling  the  intermediate  fines.  The  table  re- 
presents a  material  balance  around  the  gasifier  during  the  30  hour 
"dejunking"  period.  As  shown  the  net  intermediate  fines  removed  from 
the  system  was  1090  pounds. 

During  Run  23  the  source  of  intermediate  fines  was  also  investi- 
gated. Optical  microscope  examination  of  the  intermediate  fines  and 
Scanning  Electron  Microscope  studies  have  revealed  that  the  majority 


72l 

^Report  covering  Runs  19,  20,  and  21,  page  23. 
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of  the  fines  consists  of  a  center  core  of   a  quartz  surrounded  by 
agglomerated  acceptor  and  char  ash  fines.   Based  upon  elemental  analysis 
of  the  particles,  the  fines  have  been  determined  to  be  a  combination  of 
approximately  15. percent  acceptor  fines,  68  percent  lignite  ash,  and  17 
percent  quartz   . 

The  raw  lignite  and  char  feedstocks  are  apparently  the  source 
of  the  quartz  grains  which  serve  as  nucleation  sites  for  the  agglomera- 
tion of  acceptor  and  char  ash  fines.   Examination  of  the  as-received 
coal  (samples  taken  from  rail  cars)  and  ground  coal  (lignite  lockhopper 
samples)  reveal  that  the  silica  constituents  (which  include  the  quartz 
sand)  are  concentrated  in  the  finer  fractions.   Table  22-4  shows  com- 
positions of  three  rail  car  samples  which  were  screened  into  +l/4-inch 
and  -1/4-inch  fractions.   The  percent  silica  in  SO  free  ash  for  the 
-1/4-inch  fraction  is  between  1.5  and  2.9  times  greater  than  that  in 
the  +l/4-inch  fraction.   Figures  22-5  and  22-6  which  are  plots  of  the 
data  shown  in  Table  22-5  demonstrate  that:   (a)  the  percent  silica  in 
the  ground  product  coal  is  directly  related  to  the  percent  fines  (-100 
Tyler  mesh);  and  that  (b)  the  percent  silica  in  the  ash  is  directly  re- 
lated to  the  amount  of  ash  in  the  coal . 

From  this  information  one  can  conclude  that  if  the  amount  of 
fines  fed  to  the  system  were  minimized,  the  amount  of  silica  fed 
would  also  be  minimized  and  hence,  the  rate  of  accumulation  of  intermediate 
fines  would  be  reduced.  This  can  be  easily  achieved  by  (1)  more  efficient 
screening  of  the  ground  product  coal  or  (2)  prescreening  the  raw  coal 
feedstock. 

4.2.5  Calcined  Acceptor  Flow  Control 

Prior  to  Run  22B,  difficulty  was  experienced  in  maintaining 
reliable  acceptor  transfer  at  high  rates  (11,000-12,000  LBS/HR)  through 
the  4-inch  ID  calcined  acceptor  standleg,  CD-206.   Differential  pres- 
sure measurements  across  the  line  indicated  that  the  line  was  emptying 
faster  than  it  could  be  filled.   This  condition  became  evident  as  the 
dense  dead-burned  dolomite  inventory  was  replaced  by  the  lighter,  coarser 
fresh  acceptor.  Additionally,  calculations  based  upon  the  operation  of 
a  60  degree  sloped  3-inch  ID  standleg  indicated  that  the  4-inch  line 
was  being  operated  at  capacity.  Therefore,  to  increase  the  capacity  of 
CD-206,  the  internal  process  containing  liner  of  the  standleg  was  in- 
creased to  6-inches  ID  after  Run  22A. 

The  details  of  the  line  modifications  are  shown  in  Figure  22-7. 
The  line  consists  of  a  6-inch  ID  310  SST  pipe  within  a  14-inch  carbon 
steel  pressure  jacket.  The  annular  space  between  the  two  pipes  is  filled 
with  hand-packed  Kaowool  insulation.   The  inner  liner  of  the  outlet 
nozzle  on  the  regenerator  to  which  the  standleg  attaches  was  also  in- 
creased to  6-inch  ID. 


(3) 

M.  S.  Lancet,  "Physical-Chemical  Studies  of  CO  Acceptor  Process  Bed 
Material,"  Conoco  Coal  Development  Company  Research  Memorandum. 
RM-13848. 
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The  standleg  was  also  shortened  to  allow  the  insertion  of  an 
18- inch  long  refractory  lined  spool  piece  between  the  lower  end  of  the 
standleg  and  the  solids  flow  control  valve,  TCV-2030.  The  spool  piece 
design  eliminated  the  need  for  the  S-9  solids  sample  station  line  to 
penetrate  the  metal  liner  of  the  standleg.  During  earlier  operations, 
the  weld  at  the  location  of  the  sample  station  penetration  had  often 
torn  loose  due  to  thermal  expansion  of  the  piping.  This  frequently  re- 
sulted in  sampling  difficulties  and  was  a  maintenance  problem. 

The  above  modifications  greatly  improved  the  operation  of  the 
standleg  and  eliminated  the  capacity  limitation.  No  difficulties 
have  been  experienced  in  operating  the  line  at  transfer  rates  between 
12,000  and  16,000  LBS/HR. 

4.3    PROBLEMS 

4.3.1  Regenerator  Quench  System  Operation 

Since  repositioning  the  regenerator  quench  tower  venturi,  L-315,  in 
a  vertical  position,  elimination  of  the  original  horizontal  solids  sep- 
arator, F-320,  below  the  quench  tower,  E-302,  and  the  replacement  of 
the  bottom  dished  head  on  the  quench  tower  with  cone,  the  operation  of 
the  regenerator  quench  system  has  been  relatively  trouble-free.  Some 
solids  buildup  in  the  horizontal  pipe  section  between  the  venturi  and 
the  quench  tower  is  still  experienced.  However,  this  does  not  represent 
a  significant  problem  since  periodic  rodding  of  the  line  keeps  the  pipe 
clear. 

The  major  operating  difficulty  occurs  when  gasifier-regenerator 
pressure  swings  cause  excessive  solids  carry-over  from  the  regenerator 
which  overload  the  upstream  ash  cyclone,  F-202.  Coarse  solids  and 
fines  are  then  carried  into  the  quench  system.  This  has  on  occasion 
caused  plugging  of  the  quench  tower  bottom  drain.   To  further  reduce 
the  amount  of  fines  reaching  the  quench  system  and  the  possibility  of 
coarse  particle  carry-over,  a  second  cyclone,  F-202A,  was  installed  in 
series  with  the  original  L-202.   Figure  22-8  shows  the  new  installation. 
The  dual  cyclone  arrangement  has  worked  well  in  eliminating  massive 
solids  carry-over  into  the  quench  system  and  has  markedly  reduced  the 
amount  of  buildup  in  the  horizontal  pipe  section  between  the  venturi  and 
the  quench  tower. 

4.3.2  Gasifier  Quench  System 

The  gasifier  quench  system  has  been  a  continual  source  of  system 
pressure  upsets  due  to  plugging  of  the  horizontal  solids  separator  drains, 
plugging  of  the  drains  from  the  quench  water  stripper,  F-321,  and  plug- 
ging of  the  line  between  the  quench  tower,  E-301,  and  the  solids  separa- 
tor due  to  the  accumulation  of  solids  in  the  bottom  dished  head  of  the 
quench  tower. 
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Following  Run  22A  the  entire  quench  system  was  revised  to  im- 
prove operation.  The  modified  system  is  shown  in  Figure  22-9.  Since 
oils  and  tars  are  not  generated  in  the  gasifier,  the  horizontal  oil, 
water,  solids  separators  below  the  quench  tower  and  the  quench  stripper 
were  not  needed  and  so  were  eliminated.  To  avoid  the  buildup  of  solids 
on  the  bottom  dished  head  of  the  quench  tower,  a  cone  bottom  was  in- 
stalled. To  provide  for  solids  settling  within  the  quench  tower,  the 
bottom  twelve  disk  and  donut  trays  were  removed.   Pump  suction  for  re- 
cycle water  to  the  tower  sprays  was  withdrawn  above  the  cone  bottom. 
The  concentrated,  settled  solids  were  then  withdrawn  through  a  drain  in 
the  bottom  cone  to  a  new  flash  pot,  F-224.  The  flash  pot  provided  for 
degassing  of  the  spent  quench  water  before  the  water  and  solids  were  dis- 
charged to  the  organic  waste  pond. 

The  equipment  modifications  greatly  improved  the  operation  of 
the  gasifier  quench  system.  However,  several  quench  system  process 
upsets  occurred  during  Runs  22B  and  23.   The  Run  22  upset  occurred 
when  the  quench  tower  level  controller  froze  due  to  cold  weather 
conditions.  This  resulted  in  a  system  overpressure  due  to  the  carry- 
over of  water  into  the  recycle  gas  compressors  and  the  venting  of 
water  through  the  gasifier  backpressure  control  valve,  PCV-2022,  to 
the  flare  header.  During  Run  23  some  plugging  of  the  drains  from  the 
quench  tower  and  the  flash  tank  was  experienced.  The  plugging  appar- 
ently resulted  from  the  sloughing  of  scale  from  the  quench  tower  walls. 
Improved  gas  solids  contacting  in  the  tower  or  the  use  of  a  venturi 
scrubber  ahead  of  the  tower  might  help  eliminate  the  wall  scaling 
problem. 

4.3.3  Lift  Line  Erosion 

Erosion  of  the  acceptor  and  char  lift  lines,  CD-208  and  CO-204 
respectively  was  experienced  during  Runs  22  to  23  series.   Following 
Run  22B,  a  one-inch  diameter  hole  was  discovered  in  the  upper  bell- 
shaped  internal  slip  joint  of  the  fuel  char  lift  line.   Since  the  slip 
joint  had  been  in  service  for  the  past  three  years  without  failure, 
cone-shaped  slip  joints  similar  to  those  used  in  the  acceptor  lift  line 
were  not  considered  to  be  absolutely  necessary.  Therefore,  the  two  orig- 
inal slip  joints  were  replaced  with  identical  Incoloy  800  units  which 
were  weld  overlayed  with  Stellite  12. 

The  Run  22C  shutdown  revealed  erosive  penetration  of  the  inner 
liner  of  the  slide  valve,  XCV-2010.  The  valve  is  located  between  the 
upper  end  of  CD-208  and  the  bottom  nozzle  of  the  regenerator.  The  in- 
ternal liner  of  the  regenerator  nozzle  had  also  been  eroded  through. 
The  erosion  was  apparently  due  to  deflection  of  the  lift  gas  flow  due 
to  either  irregularities  in  the  lift  line  or  in  the  valve  or  possibly 
due  to  slight  misalignment  of  the  slip  joint  below  XCV-2010. 
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The  vessel  nozzle  was  repaired  by  replacing  the  liner  with  a  new 
4-inch  ID  Incoloy  800  sleeve.   Insulation  o£  the  sleeve  from  the  outer 
pressure  containing  nozzle  wall  was  provided  by  a  second  sleeve  of  Resco 
M-22  refractory  with  Kaowool  insulation  packed  into  the  annular  space 
between  the  AA-22  and  the  pressure  containing  wall.  The  slide  valve  was 
replaced  with  an  available  identical  unit. 

Run  23  was  ended  due  to  the  rapid  development  of  a  hot  spot  on 
the  external  pressure  containing  jacket  of  CD-208.   Inspection  of  the 
inLrprocess  containing  liner  showed  that  an  8-inch  by  3-inch  hole  had 
developed  approximately  12  inches  above  the  bottom  cone-shaped  slip 
ioint.  The  erosion  was  apparently  caused  by  misalignment  of  the  slip 
ioint  cone.  This  may  have  been  due  to  weld  stresses  which  caused  off 
centering  of  the  slip  joint  when  the  line  was  heated  to  operating  tern- 
perature. 

Erosion  of  the  upper  slip  joint  cone  was  moderate  and  uniform  ex- 
cept in  one  small  area  in  which  two  pin  holes  had  developed.  Since  Run 
21  when  both  slip  joint  cones  were  installed,  the  cones  had  seen  approx- 
imately 630  hours  of  acceptor  circulation.  The  cones  f ^^fPl^^f  J^f 
new  cones  which  were  overlayed  with  Stellite  12  using  longitudinal  weld 
beads  instead  of  circumferential  beads. 

Alternate  lift  line  designs  are  now  being  considered  including 
all  refractory  or  ceramic  designs.  However,  for  the  immediate  future, 
the  present  design  is  considered  to  be  reliable  enough  to  allow  for  a 
thirty  day  run. 

4.3.4  Expansion  Joint  Failures 

Run  19  was  the  first  run  in  which  failures  of  the  304  SST  bellows 
type  expansion  joints  on  the  double-walled  hot  lines  were  experienced. 
Mechanical  failures  of  bellows  units  continued  to  be  a  P^f  ^^/^J^J^^ 
Run  22.  An  early  startup  attempt  for  Run  22A  ended  when  a  leak  was 
discovered  in  the  lower  bellows  unit,  EJ-15,  on  the  acceptor  1^^^  line, 
CD-208   Run  22A  was  terminated  when  a  leak  developed  m  the  expansion 
bellows,  EJ-4,  which  is  on  the  gasifier  side  flow  line,  CO-203. 

The  EJ-4  bellows  which  had  been  replaced  after  Run  19  with  an 
available  304  SST  unit  failed  after  only  31  days  of  service   Thjs  unit 
which  is  exposed  to  air,  steam,  and  recycle  gas  (CO  ,  N^)  at  200  to 
300°F  and  150  PSIG  on  the  inside  and  to  ambient  conditions  on  the  out- 
side was  sent  to  Continental  Oil  Company's  Maintenance  Engineering  De- 
partment in  Ponca  City,  Oklahoma,  for  analysis.  Trans-granular  cracking 
of  the  metal  typical  of  chloride  stress  corrosion  cracking  was  deter- 
mined to  be  the  cause  of  the  bellows  failures.  Most  of  the  cracking  oc- 
curred on  the  inside  of  the  bellows. 
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To  avoid  future  failures,  the  bellows  units  were  replaced  with 
new  units  made  of  solution  annealed  Incoloy  825,  an  alloy  which  is  re- 
sistant to  chloride  attack.  The  EJ-15  bellows  was  replaced  during  Run 
22A,  and  EJ-4  was  replaced  after  Run  22B.   Although  EJ-16,  the  upper 
expansion  joint  on  CD-208,  did  not  fail,  the  bellows  were  replaced  after 
Run  22A  with  an  Incoloy  825  unit. 

4.3.5  Deposits 

Since  the  advent  of  the  use  of  dead-burned  dolomite  as  plant 
startup  material,  deposits  have  formed  in  the  gasifier  boot  and  in  the 
cone  section  of  the  regenerator  bottom  head.  The  location  and  shape  of 
the  deposits,  which  have  been  principally  agglomerated  dead -burned  dolo- 
mite, indicates  that  the  deposits  form  in  areas  in  which  the  acceptor  is 
allowed  to  defluidize.  Scanning  Electron  Microscope  and  X-ray  diffrac- 
tion studies  also  suggest  ,Jhat  the  agglomerates  are  formed  when  the 
acceptor  is  not  fluidized*-  \     The  studies  which  were  conducted  by  Conoco 
Coal  Company's  Research  Department  showed  that  the  bridges  or  linkages 
between  particles  were  enriched  in  calcium,  a  condition  which  would  be 
favorable  if  the  contacting  particles  were  immobile. 

To  prevent  particle  agglomeration,  efforts  were  made  to  improve 
the  gas  distribution  in  the  gasifier  boot.   Before  Run  21  a  ball  and 
metal  grate  type  gas  distributor  was  installed  in  the  gasifier  bottom 
head  as  shown  in  Figure  22-10.  The  two-inch  diameter  balls  were  made 
from  Resco  AA-22  refractory  and  were  installed  below  the  metal  grate. 
Based  upon  differential  pressure  measurements  across  the  boot  during 
the  run  the  new  distributor  appeared  to  have  improved  the  boot  fluid- 
ization.  However,  after  the  run  a  large  deposit  was  found  on  and  above 
the  distributor  grate.   Following  Run  22A  the  grate  was  found  to  be 
plugged  with  only  the  center -most  holes  open.  The  refractory  balls  were 
also  found  to  have  been  cemented  together  by  deposit.  Since  the  ball 
type  gas  distributor  did  not  work  well,  tests  were  conducted  in  a  12-inch 
diameter  glass  model  to  determine  the  best  possible  design.  Six  dif- 
ferent designs  were  studied.   Figure  22-11  shows  the  best  distributor 
of  those  tested.  The  unit  consists  of  a  plenum  chamber  on  which  bubble 
cap  type  gas  distributors  are  located.  The  design  distributes  the  gas 
flow  evenly  and  prevents  solids  from  plugging  the  gas  distributor  in 
the  event  of  fluidizing  gas  loss.  Dead  areas  behind  the  solids  with- 
drawal lines,  CD-204  and  UAD-206,  were  eliminated  by  cutting  the  lines 
off  at  the  walls. 

The  new  distributor  worked  well  during  the  following  runs. 
After  Run  22B,  only  5  to  10  pounds  of  deposit  were  found,  most  of  which 
was  wet,  crumbly  material  between  the  gas  distributors.  A  small  amount 
of  loose,  soft  material  around  the  caps  was  also  found  after  Run  22C. 
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The  Run  23  inspection  revealed  that  two  small  cone-shaped  deposits  had 
formed  which  covered  approximately  one-third  of  the  distributor  caps. 
The  new  distributor  apparently  has  significantly  improved  the  boot 
fluidization.  The  deposits  which  formed  apparently  had  no  effect  on 
the  boot  operation  and  were  always  smaller  than  those  discovered  after 
earlier  runs  before  the  installation  of  the  new  distributor.   If  all 
nonfluidized  areas  were  eliminated,  the  deposits  would  probably  not 
form. 
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FUTURE  PLANS 


The  objectives  for  Run  24  are  the  same  as  those  for  Runs  22  and 
23,  namely,  (1)  to  obtain  a  run  of  long  duration  to  demonstrate  process 
and  reliability  and  (2)  to  use  only  steam  for  boot  fluidization.   Run 
24  will  be  attempted  as  soon  as  repairs  to  the  plant  are  completed. 
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LIFT  LINE  PRESSURE  DROP  AS  A  FUNCTION  OF  LIFT 
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Figure  22-6.   SILICA  IN  ASH  VERSUS  PERCENT  ASH  IN  COAL 
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Figure  22-8.   MODIFIED  REGENERATOR  CYCLONE  INSTALLATION 

119 


u 
H 
C/D 
>- 
C/D 

u 

z 
w 

cy 

Di 
W 
I— I 
tu 

I— I 

< 

Q 
PJ 
C/5 

I— I 

> 

Di 


CTi 

I 

CM 

(N 

(D 

•H 


120 


5''6^H.  0  0k-3lo  p|?g  EXT 


WEW  <qI?ID  P^ATE 


AREA  TC  6=: 
FIUL&O  WITH 
'2"  DI^METBt? 


H^PEf? 


P-^QZ 


\^>^ — FIELD  TO  pilTJKlD 
\        OUT  ekFCX^^T^CV 

\ 
\ 


r-7"piA.xVfTWlC. 
p\-3^0  PLAje. 


'iWiPE  X5*L6i.  •$1^ 


HOLES  Rp?  4'<sD-^<i'4  :  3"UAp-2:'^ 


Figure  22-10.   GRID  PLATE  GAS  DISTRIBUTOR 
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Run 
22A 


Lift  Gas 
Flow,   SCFH 

40,000 

49,690 

58,180 

77,570 

101,810 


Lift  Gas 
Temperature, 

Op 


1250 
1250 
1250 
1250 
1250 


Lift  Gas 

Pressure, 

PSIA 

173 

173 

173 

173 

173 


Upper  Lift  Line 
Pressure  Drop,  In.  W.C. 
Measured       Fanning 


2.38 
3.50 
4.38 
7.50 
11.5 


1.89 
2.78 
3.68 
6.17 
10.1 


22B 


39,040 
48,800 
58,560 
78,080 
98,820 


1170 
1170 
1170 
1170 
1170 


173 
173 
173 
173 
173 


2.50 
3.50 
4.75 
6.50 
9.75 


1.71 
2.55 
3.53 
5.91 
9.04 


22C 


50,760 
61,160 
70 , 840 
81,210 
94,430 


1150 
1150 
1150 
1150 
1150 


168 
168 
168 
168 
168 


3.50 
4.63 
5.75 
7.63 
9.75 


2-.  77 
3.87 
5.04 
6.45 
8.46 


23 


V 


48,640 
59,580 
78,800 
85,120 


1170 
1170 
1170 
1170 


171 
171 
171 
171 


3.50 
4.25 
6.38 
7.38 


2.56 
3.68 
6.08 
6.99 


Table  22-1.   ACCEPTOR  LIFT  LINE  GAS,  FLOW  TEST  DATA,  RUN  22  AND  23 
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Solids     Lift  Gas     Lift  Gas    Lift  Gas 
Circulation  Velocity,  Temperature,  Pressure, 
Rate,  Ib/hr   ft/sec  _      "F         PSIA 


Run  22A 

Date  -  9/24/74 

Lift  Gas  -  Air 

6,340 

55.5 

17,030 

56.0 

Run  22B 

Date  -  11/26/74 

Lift  Gas  -  Air 

2,690 

45.5 

7,060 

45.5 

15,620 

44.9 

Run  22C 

Date  -  12/16/74 

Lift  Gas  -  Air 

4,780 

51.5 

4,780 

40.8 

4,780 

60.5 

4,780 

51.5 

9,610 

51.5 

9,610 

40.3 

9,610 

61.1 

9,610 

51.5 

12,870 

51.5 

12,870 

40.8 

12,870 

61.2 

12,870 

52.0 

Run  23 

Date  -  1/16/75 

Lift  Gas  -  Air 

4,740 

50.7 

10,370 

50.7 

12,310 

50.7 

5,390 

51.2 

8,040 

51.2 

11,180 

51.2 

1150 
1150 


1180 
1180 
1180 


1150 


I 


1170 
1170 
1170 
1150 
1150 
1150 


173 
173 


173 
173 
173 


171 


171 
171 
171 
168 
168 
168 


Upper  Lift  Line 
Pressure  Drop,  In.  W.C. 
Measured  Corrected  Fanning 


9.25 
20.0 


5.0 
10.0 
20.8 


7.25 
12.75 
16.25 

7.5 
10.5 
13.75 


8.45 
19.20 


4.34 
4.42 


4.20 

3.00 

9.20 

3.00 

20.00 

2.94 

7.50 

6.70 

3.76 

8.25 

7.45 

2.48 

8.13 

7.33 

5.03 

7.63 

6.83 

3.76 

11.50 

10.70 

3.76 

15.00 

14.20 

2.42 

11.00 

10.20 

5.12 

11.85 

11.08 

3.76 

15.25 

14.45 

3.76 

19.25 

18.45 

2.48 

13.38 

12.58 

5.12 

15.63 

14.83 

3.83 

6.45 

3.64 

11.95 

3.64 

15.45 

3.64 

6.70 

3.68 

9.70 

3.68 

12.95 

3.68 

Table  22-2.   DEAD-BURNED  DOLOMITE  CIRCULATION  DATA,  RUNS  22  AND  23 
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RUNS  24  AND  25 


FEBRUARY  21  TO  APRIL  10,  1975 


CO^  ACCEPTOR  PROCESS  GASIFICATION 
PILOT  PLANT 
RAPID  CITY,  SOUTH  DAKOTA 
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1   SUMMARY 

This  report  covers  the  Rapid  City  Pilot  Plant  operations  for 
Run  24  (February  21  to  March  14,  1975)  and  Run  25  (March  31  to  April  10, 
1975). 

The  objective  of  Run  24  was  to  obtain  data  at  steady-state  plant 
conditions  with  100  percent  steam  flow  to  the  gasifier  boot.  Prior  to 
startup,  a  methodical  program  for  the  removal  of  air  and  recycle  gas 
from  the  gasifier  was  formulated  in  an  attempt  to  avoid  the  high  gasi- 
fier bed  densities  characteristic  of  previous  runs  and  to  enhance  the 
stability  of  the  gasifier  boot  control. 

The  initial  startup  for  Run  24  was  interrupted  by  the  formation 
of  an  iron-nickel  sulfide  deposit  in  the  acceptor  lift  gas  heater  coil 
which  necessitated  depressuring  of  the  plant  and  replacing  the  coil. 
The  plant  was  repressured  on  March  5,  1975,  and  a  total  of  seven  days 
of  operation  at  temperature  were  achieved  with  no  process  problems  en- 
countered. The  utilization  of  the  char  withdrawal  system  controlled 
the  accumulation  of  intermediate  fines  at  an  operable  and  essentially 
constant  level  over  the  final  four  days  of  the  run.  The  methodical  pro- 
gram for  the  adjustment  of  the  gasifier  flows  to  achieve  the  target 
conditions  of  100  percent  steam  and  zero  air  in  the  gasifier  inlet  gas 
resulted  in  the  smoothest  plant  operation  achieved  to  date.  Termina- 
tion of  the  run  occurred  when  the  inlet  to  the  gasifier  quench  tower 
plugged  with  a  char  ash  derived  mortar-type  deposit. 

At  the  end  of  the  run,  the  gasifier  inlet  flow  (excluding  purge 
gas)  contained  70  percent  steam,  13  percent  air,  and  17  percent  recycle 
gas.  Had  the  run  continued,  a  step-wise  exchange  of  steam  for  recycle 
gas  in  the  gasifier  would  have  followed  the  removal  of  air. 

To  avoid  the  plugging  problem  which  ended  Run  24,  a  larger 
(4-inch)  nozzle  was  installed  at  the  inlet  to  the  gasifier  quench 
tower.  Also,  the  quench  water  flow  rate  to  the  gasifier  venturi  up- 
stream of  the  quench  tower  was  increased  to  prevent  entrained  fines  from 
adhering  to  the  walls  of  the  section  between  the  venturi  and  the  quench 
tower. 

Run  25  started  on  March  31,  1975,  with  the  same  objective  as 
Run  24.  The  run  continued  for  five  days  after  process  conditions  were 
reached.  Again  the  methodical  approach  to  removing  air  from  the  gasi- 
fier and  replacing  boot  recycle  gas  with  steam  was  being  used.  When 
the  run  ended,  67  percent  of  the  air  flow  to  the  gasifier  had  been  re- 
moved, steam  flow  to  the  gasifier  boot  reached  70  percent  of  the  total 
boot  flow,  and  the  acceptor  activity  had  reached  0,18. 
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The  problem  of  plugging  at  the  inlet  of  the  gasifier  quench  tower 
still  remained  and  caused  several  pressure  upsets  which  in  turn  caused 
instability  of  the  regenerator  fuel  char  standleg.  The  run  ended  when 
the  acceptor  lift  line  plugged  while  attempts  were  being  made  to  re- 
cover from  a  loss  of  fuel  char  transfer. 
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TEST  DATA 


run  report. 

Table 

24-1. 

Table 

24-2. 

Table 

24-3. 

Table 

24-4. 

Table 

24-5. 

Table 

24-6. 

Table 

24-7. 

Table 

24-8. 

Table 

24-9. 

Table 

24-10 

Table 

24-11 

Table 

24-12 

Table 

24-13 

Table 

24-14 

Table 

24-15 

Table 

24-16 

24  and  25  data  are  presented  tabularly  at  the  end  of  this 
These  tables  include: 

Page 
Gasifier  Data,  Run  24  (3  sheets) 192 

Regenerator  Data,  Run  24  (3  sheets) 195 

Gasifier  Data,  Run  25  (2  sheets) 198 

Regenerator  Data,  Run  25  (2  sheets) 200 

Feedstock  Composites,  Run  24 202 

Feedstock  Composites,  Run  25 203 

Calcined  Acceptor  Return,  Run  24 204 

Recarbonated  Acceptor  Return,  Run  24 205 

Calcined  Acceptor  Return,  Run  25 206 

Recarbonated  Acceptor  Return,  Run  25  207 

.  Regenerator  Fuel  Char^  ,  Run  24  (2  sheets) 208 

.  Regenerator  Fuel  Char,  Run  25 210 

.  Gasifier  Char  to  Organic  Pond,  Run  24 211 

.  Gasifier  Char  to  Organic  Pond,  Run  25 212 

.  Ash  and  Attrited  Acceptor,  Run  24 213 

.  Ash  and  Attrited  Acceptor,  Run  25 214 
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SIGNIFICANT  EVENTS  AND  OBSERVATIONS 


3.1    RUN  24 

3.1.1  Objective 

The  primary  objective  of  Run  24  was  to  obtain  steady-state  data 
with  the  acceptor  providing  100  percent  of  the  heat  required  for  gasifica- 
tion and  with  100  percent  of  the  gasifier  inlet  gas  being  steam. 

3.1.2  Accomplishments 

Although  the  primary  objective  of  Run  24  was  not  achieved,  the 
systematic  operating  guidelines  which  were  formulated  prior  to  startup 
resulted  in  the  smoothest  plant  operation  ever  achieved.  The  run  logged 
a  total  of  150  hours  of  trouble-free  operation  at  process  conditions. 

3.1.3  Problems 

(1)  Char  removal  system.  During  the  first  part  of  the  run,  switching 
the  char  removal  hoppers  would  temporarily  upset  fuel  char  trans- 
fer to  the  regenerator.  As  the  run  progressed,  operating  tech- 
niques were  devised  which  reduced  the  frequency  of  upsets  due  to 
switching  the  hoppers. 

(2)  Gas  quench  systems.  Restrictions  formed  at  the  inlets  to  both 
the  gasifier  and  the  regenerator  quench  towers  which  necessitated 
rodding  the  inlets  at  least  once  per  shift. 

(3)  Lignite  grinding  system.   Lignite  grinding  was  plagued  with 
plugging  problems  during  most  of  the  run.  The  roller  mill, 
mill  lift  line,  and  the  Sweco  screen  were  areas  where  most 
of  the  plugging  occurred. 

(4)  Accumulation  of  intermediate  fines.  The  problem  of  accumulating 
intermediate  fines  in  the  gasifier  bed  which  surfaced  during 
Run  21  was  effectively  controlled  by  utilizing  the  char  with- 
drawal system. 

3.1.4  Termination  Cause 

The  formation  of  a  plug  at  the  inlet  of  the  gasifier  quench 
tower  prevented  the  venting  of  product  gases  and  necessitated  an  im- 
mediate shutdown  of  the  plant. 
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3.1.5  Modifications  and  Changes  Made  Prior  to  Run  25 

(1)  Installed  a  venturi  scrubber  upstream  of  the  gas  inlet  to  the 
gasifier  quench  tower  during  the  first  Run  24  shutdown. 

(2)  A  4-inch  inlet  nozzle  was  installed  on  the  gasifier  quench 
tower,  and  the  venturi  was  repositioned  immediately  upstream 
of  this  new  nozzle  during  the  second  shutdown. 

(3)  The  second  venturi  was  reinstalled  parallel  to  the  original 
venturi  upstream  of  the  regenerator  quench  tower. 

3.2    RUN  25 

3.2.1  Objective 

The  objective  of  Run  25  was  essentially  the  same  as  for  Run  24: 
Obtain  heat  and  material  balance  data  at  steady-state  plant  conditions 
with  100  percent  steam  to  the  gasifier  and  acceptor  supplying  100  per- 
cent of  the  heat  required  for  gasification. 

3.2.2  Accomplishments 

As  in  Run  24,  the  systematic  procedure  used  to  remove  air  from 
the  gasifier  bed  and  the  replacing  of  recycle  gas  in  the  gasifier  boot 
with  steam  proved  to  be  highly  successful  from  a  process  standpoint.  The 
run  logged  a  total  of  121  hours  at  process  conditions. 

3.2.3  Problems 

(1)  Char  removal  system.  The  char  removal  system  continued  to  inter- 
tupt  fuel  char  feed  to  the  regenerator  throughout  most  of  Run  25. 
The  interruptions  usually  occurred  after  switching  from  one  lock- 
hopper  to  the  other  parallel  lockhopper. 

(2)  Gas  quench  systems.  Several  times  during  the  run,  the  inlets  to 
both  the  regenerator  and  the  gasifier  quench  towers  became  re- 
stricted causing  pressure  surges  which  usually  interrupted 

fuel  char  flow  to  the  regenerator.  The  gas  inlets  to  both  quench 
towers  were  rodded  at  least  once  per  shift. 

3.2.4  Termination  Cause 

Run  25  was  terminated  when  the  acceptor  lift  line  plugged. 
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3.3    SUMMARIZED  CHRONOLOGY  OF  OPERATIONS 

3.3.1  Run  24 

Run  24  was  initiated  on  February  21  but  was  aborted  two  days 
later  when  the  acceptor  lift  gas  flow  appeared  to  be  restricted.  The 
restriction  was  found  to  be  an  iron-nickel  sulfide  deposit  in  the  ac- 
ceptor lift  gas  heater  coil.  The  heater  coil  was  replaced  and  Run  24 
was  again  initiated  on  March  5,  1975.  The  regenerator  was  filled  with 
dead-burned  dolomite,  and  acceptor  circulation  tests  were  conducted  to 
establish  the  integrity  of  the  solids  circulation  loop.  Char  was  then 
added  to  the  gasifier  while  circulating  dead-burned  dolomite  at  a  low 
rate,  and  the  char-acceptor  interface  was  established  without  any  prob- 
lems. Fuel  char  transfer  to  the  regenerator  and  char  withdrawal  from 
the  gasifier  bed  were  established  followed  by  replacement  of  char  feed 
with  Velva  lignite  feed  on  March  7.   When  the  system  was  stabilized  on 
lignite  feed,  6X9  mesh  Tymochtee  dolomite  makeup  replaced  dead-burned 
dolomite  makeup  on  March  9. 

The  run  proceeded  smoothly  for  seven  days  at  temperature  until 
the  process  gas  inlet  line  to  the  gasifier  quench  tower  plugged  on 
March  14.   Because  the  gasifier  vent  was  downstream  of  the  quench  sys- 
tem, the  unit  had  to  be  depressured  immediately  using  the  ESD-2  system 
to  prevent  overpressuring  of  the  gasifier. 

The  plug  occurred  at  a  4- inch  by  2- inch  bell  reducer  ahead  of  the 
2-inch  gas  inlet  nozzle  on  the  gasifier  quench  tower.  A  large  chunk  of 
scale  separated  from  the  wall  of  the  4- inch  line  between  the  venturi  and 
the  quench  tower  inlet  nozzle  and  lodged  in  the  reducer  at  the  quench 
tower  inlet  nozzle. 

3.3.2  Run  25 

The  plant  was  pressure  tested  for  Run  25  on  March  31,  1975. 
The  initial  startup  was  interrupted  on  April  2  when  the  acceptor  lift 
line  plugged  while  filling  the  regenerator  with  dead-burned  dolomite. 
This  plug  was  a  result  of  defluidizing  the  regenerator  while  removing 
air  from  the  regenerator  gas  loop  prior  to  adding  char  to  the  gasifier. 
The  plant  was  depressured  and  both  the  gasifier  boot  and  the  regenerator 
were  dumped.  On  April  3,  dead-burned  acceptor  was  again  introduced  to 
the  unit  and  startup  procedures  resumed. 

Acceptor  circulation  tests  were  run  and  char  was  introduced  to 
the  gasifier  on  April  4.  The  plant  was  brought  to  operating  conditions 
and  lignite  feed  started  on  April  5.   Fresh  6X9  dolomite  replaced  the 
dead-burned  acceptor  makeup  on  April  6.  The  plant  continued  to  run  for 
five  days  as  programmed  adjustments  were  made.  Several  upsets  were 
experienced  due  to  pressure  surges  caused  by  restrictions  at  the  inlet 
to  the  gasifier  quench  tower  and  operation  of  the  char  withdrawal  sys- 
tem, both  of  which  led  to  instability  of  the  regenerator  fuel  char  standleg, 
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On  the  afternoon  of  April  9,  a  pressure  surge  which  was  attrib- 
uted to  a  restriction  at  the  gasifier  quench  tower  inlet  caused  a  loss 
of  fuel  char  feed  to  the  regenerator. 

To  prevent  oxygen  breakthrough  in  the  regenerator  after  loss 
of  fuel  char  feed,  air  was  quickly  removed  and  replaced  with  recycle  gas. 
Unfortunately,  a  portion  of  the  regenerator  flue  gas  was  being  used  to 
fluidize  the  lignite  preheater.  The  removal  of  air  decreased  the  amount 
of  flue  gases  available  for  preheater  fluidization.   Since  the  flue  gas 
was  not  withdrawn  from  the  preheater  as  fast  as  the  air  was  removed  from 
the  regenerator,  the  regenerator  partially  depressured.  This  caused  a 
safety  interlock  to  close  the  boot  interface  level  control  valve  which 
caused  the  acceptor  level  to  build  up  into  the  transition  section  of  the 
gasifier  where  it  became  defluidized  and  apparently  agglomerated. 
Efforts  to  recover  from  this  situation  ultimately  resulted  in  a  plug 
in  the  acceptor  lift  line  which  terminated  the  run. 
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RESULTS  AND  DISCUSSION 


4 . 1    BACKGROUND 

Runs  24  and  25  were  conducted  with  the  main  objective  of  demon- 
strating plant  operation  using  only  steam  as  the  gasifier  boot  fluid- 
izing  gas.  Previous  attempts  to  achieve  this  objective  failed  because 
of  two  major  factors,  namely,  high  bed  density  and  instability  of  the 
gasifier  boot.  Experience  of  previous  runs  revealed  that  high  gasifier 
bed  densities  are  the  result  of  the  accumulation  of  intermediate  fines 
in  the  gasifier  bed  and  that  instability  of  the  gasifier  boot  is  most 
predominant  during  the  critical  changeover  period  when  recycle  gas  to 
the  gasifier  boot  is  being  replaced  with  steam. 

The  changes  in  operating  procedure  which  were  first  implemented 
in  Run  24  were  aimed  at  stabilizing  the  entire  gasifier  operation  by 
reducing  the  fluctuation  of  several  operating  parameters.  The  parameters 
which  most  severely  affect  the  stability  of  the  gasifier  operation  are  the 
intermediate  fines  inventory,  boot  gas  velocity,  acceptor  circulation 
rate,  and  lignite  feed  rate.   The  constraints  placed  on  these  parameters 
were  as  follows: 

(1)  Maintain  char  withdrawal  rate  from  the  gasifier  bed  at  100  to 
200  pounds  per  hour.   Data  from  previous  runs  indicated  that  a 
rate  of  100  pounds  per  hour  would  limit  the  accumulation  of  inter- 
mediate fines  which  would  in  turn  reduce  the  gasifier  bed  density. 

(2)  Maintain  a  minimum  gas  velocity  of  about  2  feet  per  second  in 
the  gasifier  boot.   In  previous  runs  the  boot  velocity  was 
lowered  to  near  incipient  while  replacing  the  recycle  gas  with 
steam. 

(3)  Minimize  acceptor  circulation  rate  changes.   It  was  decided  to 
decrease  the  acceptor  circulation  rate  if  the  gasifier  bed  tem- 
perature exceeded  1510  F.   The  circulation  rate  would  be  increased 
only  if  the  gasifier  bed  temperature  was  below  1520  F  and  the 

bed  density  was  below  35  pounds  per  cubic  feet. 

(4)  Minimize  lignite  feed  rate  changes.  The  lignite  feed  rate  was 
to  be  decreased  slightly  when  the  gasifier  bed  level  reached  24 
feet  and  increased  slightly  when  the  bed  level  fell  to  21  feet. 

By  implementing  these  changes  in  operating  techniques,  the  ex- 
perience of  Runs  24  and  25  clearly  demonstrated  that  the  problems  of 
high  gasifier  bed  density  and  boot  interface  stability  could  be  controlled. 
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4.2    ACCOMPLISHMENTS 

4.2.1  Operational  Achievements 

The  following  summary  lists  the  operational  achievements  for  Runs 
24  and  25. 

SUMMARY  OF  PLANT  OPERATIONS 


Hours  At 

Hours  With 

Hours  Without 

Process 

Hours  With 

Fresh 

Air  In 

Run 

Conditions 
150 

Lignite  Feed 
137 

Acceptor  Makeup 
120 

Gasifier 

24 

0 

25 

121 

89 

80 

0 

t.2.2 

Plant  Data 

Tables  24-1  through  24-16  summarize  the  data  obtained  from  Runs 
24  and  25.  Process  operating  conditions  for  the  gasifier  and  the  regen- 
erator are  shown  in  Tables  24-1  through  24-4.  Analyses  of  typical 
feedstocks  are  presented  in  Tables  24-5  and  24-6,  while  analyses  of 
effluent  and  circulated  materials  are  presented  in  Tables  24-7  through 
24-16.  No  attempt  was  made  to  calculate  a  heat  or  material  balance  for 
Runs  24  or  25  since  neither  run  had  reached  steady-state  conditions 
before  termination. 

4.3    PROBLEMS 

4.3.1  Fuel  Char  Feed  to  the  Regenerator 

Interruptions  of  fuel  char  feed  to  the  regenerator  during  both 
Runs  24  and  25  occurred  primarily  because  of  pressure  surges  in  the  char 
standleg.  These  pressure  surges  evolved  from  two  sources.  The  most 
severe  pressure  surges  occurred  when  a  restriction  at  the  gas  inlet  to 
either  the  regenerator  or  the  gasifier  quench  tower  would  break  either 
by  the  increasing  pressure  drop  or  by  operation  of  the  mechanical  rod 
out.  The  second  source  of  pressure  surges  was  the  operation  or  switch- 
ing of  one  of  the  two  parallel  char  removal  hoppers. 

More  frequent  operation  of  the  rod  outs  on  the  quench  systems 
reduced  the  magnitude  of  the  pressure  surges.   Inspection  of  both  the 
regenerator  and  the  gasifier  Venturis  after  Run  24  shutdown  revealed 
that  solids  were  plating  out  on  the  walls  of  the  diverging  sections  and 
downstream  piping  which  indicated  that  the  water  flow  was  not  large 
enough  to  sufficiently  wet  the  solids  and  carry  them  into  the  quench 
tower. 
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4.3.2  Quench  Systems 

The  initial  startup  of  Run  24  was  aborted  shortly  after  the 
gasifier  was  filled  with  char  because  of  a  restriction  in  the  acceptor 
lift  gas  heater.   Inspection  after  shutdown  revealed  an  iron-nickel 
sulfide  deposit  which  necessitated  replacing  the  coil. 

During  this  shutdown,  one  of  the  two  regenerator  quench  tower 
Venturis  was  removed  and  placed  upstream  of  the  gas  inlet  to  the  gasi- 
fier quench  tower.  This  was  done  as  an  expedient  for  two  reasons; 
first,  the  regenerator  quench  system  had  been  operating  relatively 
trouble  free  after  the  prior  installation  of  a  second  cyclone  separator 
in  series  upstream  of  the  regenerator  quench  tower;  and  second,  another 
venturi  scrubber  could  not  be  immediately  obtained. 

After  the  second  startup  of  Run  24,  the  gasifier  and  the  regen- 
erator quench  systems  continued  to  interrupt  operation  of  the  plant. 
Run  24  ended  when  the  2-inch  nozzle  between  the  gasifier  venturi  scrub- 
ber and  the  quench  tower  plugged. 

Between  Runs  24  and  25,  a  larger  4-inch  nozzle  was  installed  on 
the  gasifier  quench  tower  and  the  venturi  scrubber  was  installed  verti- 
cally immediately  upstream  of  this  nozzle.   A  horizontal  rod  out  for 
this  nozzle  was  also  installed.  The  old  2-inch  nozzle  was  converted  to 
a  bypass  for  the  venturi  scrubber  to  be  used  in  the  event  the  venturi 
became  plugged  and  while  the  horizontal  rod  out  was  being  used.   A 
second  venturi  scrubber  for  the  regenerator  was  also  fabricated  and  re- 
installed during  this  shutdown. 

The  problem  of  restrictions  forming  at  both  the  regenerator  and 
the  gasifier  quench  towers  still  persisted  during  Run  25  although  opera- 
tion of  the  rod  outs  prevented  the  restrictions-  from  hampering  opera- 
tions severely. 

The  restrictions  which  formed  during  Run  25  appeared  to  be  car- 
bonate scale.   Plans  are  to  change  the  quench  water  to  both  the  gasifier 
venturi  and  the  regenerator  venturi  from  potable  water  to  boiler  feed 
water  containing  an  additive  (possibly  Betz  403)  to  prevent  the  forma- 
tion of  carbonate  scale  at  the  venturi  throat. 

4.3.3  Acceptor  Lift  Line  Erosion 

Hot  spots  formed  on  the  outer  shell  of  the  acceptor  lift  line 
(CD-208)  near  each  of  the  two  internal  slip  joints  during  Run  24. 
Inspection  after  shutdown  revealed  that  these  hot  spots  were  the  result 
of  insulation  voids.  The  conical  transition  section  of  the  lower  slip 
joint  was  also  opened  for  inspection  and  found  to  be  eroded.  Most  of 
the  erosion  occurred  in  the  base  metal  at  the  boundary  between  the 
Stellite  overlay  and  the  base  metal.  The  entire  transition  cone  was 
replaced. 
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During  Run  25  hot  spots  formed  on  the  bottom  section  of  the 
lift  line  just  above  the  engager  pot  and  near  the  emergency  valve, 
XCV-2010,  on  the  top  section.   Both  hot  spots  were  found  to  be  the 
result  of  insulation  voids.  A  seven  foot  section  of  the  inner  liner 
above  the  engager  pot  was  replaced  because  of  thinning  of  the  walls. 

4.3.4  Lignite  Grinding  Section 

Prior  to  Run  24  a  motor  with  gear  reducer  was  installed  on  the 
lignite  roller  mill  to  reduce  the  mill  speed  and  thereby  reduce  the 
amount  of  fines  produced  in  the  grinding  operation.  Reduction  of  mill 
speed  from  102  RPM  to  56  RPM  reduced  the  amount  of  fines  produced  but 
greatly  increased  the  amount  of  oversize  product.  This  caused  the  plug- 
ging problems  encountered  during  the  earlier  part  of  Run  24.  When  the 
mill  speed  was  increased  to  60  RPM,  the  plugging  problems  were  eliminated 
and  the  amount  of  fines  produced  was  kept  at  a  minimum  during  the  re- 
mainder of  Run  24. 

The  lignite  grinding  section  performed  very  well  during  all  of 
Run  25.  A  grinding  rate  of  4,100  pounds  per  hour  of  product  was  attained 
while  maintaining  the  minus  100  mesh  fines  level  in  the  product  at  less 
than  2  percent. 
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FUTURE  PLANS 


The  inability  to  sustain  long-term  operation  has  been,  in  part, 
a  result  of  instability  in  two  critical  areas  of  the  plant.  These  are: 
(1)  the  fuel  char  standleg  and  char  removal  hoppers;  and  (2)  the  gasi- 
fier  quench  system.   Runs  24  and  25  both  promising  from  the  standpoint 
of  process  performance,  ended  as  a  result  of  problems  occurring  in  these 
areas . 

Immediate  plans  are  to  exert  a  concentrated  effort  to  improve 
the  reliability  of  operation  in  these  critical  areas.  Tests  have  been 
scheduled  in  which  the  gasifier  venturi  will  be  operated  at  atmospheric 
pressure  to  determine  the  optimum  water  injection  configuration  and 
flow  rate.  Also,  a  study  of  possible  carbonate  scale  inhibitors  which 
could  be  injected  with  the  quench  water  has  been  initiated. 

In  addition  to  mechanical  revisions  to  the  fuel  char  standleg 
which  were  listed  under  paragraph  3.2.5  of  this  report,  a  study  on  line 
stability  versus  plant  pressure  balance  conditions  will  be  initiated. 
Tests  are  also  scheduled  to  determine  the  optimum  char  lift  line  gas 
velocity  in  the  existing  fuel  char  lift  line. 

The  program  for  Run  26  will  be  the  same  as  that  for  Run  25. 
The  major  objectives  will  be  to  obtain  heat  and  material  balance  data 
with  no  recycle  gas  in  the  gasifier  inlet  gas  and  to  achieve  long- 
term  plant  operations. 
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Date 

Time 

Sample 

No. 

Screen 

Size,  Wt 

7o 

Tyl( 

sr 

Mesh 

+9 

9 

X 

12 

12 

X 

20 

20 

X 

28 

-28 

1 

Particle  Density,  lb/ft" 

Activity 

7o  Calcine  Weight  Change 

Elemental  Analysis,  Wt  7„ 
S= 

Si02 
SO3 
Na20 
CaO 
MgO 
K2O 
P2O5 
AI2O3 
Fe203 
TiOo 


,(1) 


4/5 

4/6 

4/7 

4/8 

4/9 

0445 

0800 

0830 

0400 

0800 

7123 

7182 

7243 

7305 

7379 

0.6 

0.4 

6.1 

12.4 

16.5 

31.5 

39.3 

41.4 

47.0 

44.5 

64.4 

58.7 

50.8 

37.2 

30.1 

2.5 

1.4 

1.7 

1.8 

4.0 

1.0 

0.1 

0 

1.7 

4.9 

;04 

205 

193.8 

185.2 

0.02 

0.01 

0.10 

0.14 

0.19 

-1.4 

-1.2 

-4.9 

-6.1 

-6.1 

0.01 

0.01 

0.04 

2.45 

2.16 

4.54 

7.05 

8.09 

0.15 

0.20 

0.20 

0.22 

0.32 

0.02 

0.03 

0.04 

0.03 

0.04 

56.81 

59.51 

55.42 

55.76 

55.24 

37.61 

35.78 

35.25 

33.65 

32.32 

Tr 

Tr 

Tr 

Tr 

0.01 

Tr 

Tr 

0.01 

0.01 

0.02 

1.50 

1.75 

1.94 

1.94 

2.25 

0.75 

1.25 

0.92 

0.68 

0.65 

0.02 

0.05 

0.07 

0.10 

0.07 

(1) 


12  mesh  particle,  Tyler  screen 


Table  24-10.  RECARBONATED  ACCEPTOR  RETURN,  RUN  25 

207 


o  o 


tn  CM 


00  vO  f^  '^  (^ 
u 

.^  p-^  \0  rsi  o  O   H 


-J         O 
^         O 


•H • 

4(,M00^O00'-'<*^Q0vOf*' 


00  CO 

>»   00  tn 


td   c 
o  o 


o    <0 


^  r-  00  00  o  <^  o 
in  o4 


CM 

O 


>c»ir~rM'-ii— I'^'C'^O^OO 


« 


lA  —' 

00 


U    6 

o  o 


•^    Q    (^    ITi    t^    ^^    vO 


■<  fc. 


(1) 


^0*0  00 
vo  •*  r- 


O  fM   1-1  -^ 


I  0\  r^  >»  -J 


CM 


Di 


IJ    C 

o  o 

4J    iH 

a  4J 

41    O 

u  <a 

O    l-i 

<  u. 

o 

<T> 

o 

c^ 

o 

r- 

TJ 

o 

>o 

V 

^  CO  ^  ^  O^  r^  <^ 

ut   CO 


>cMmcocor^-3"»r^v0^u^O^ 


w 

b: 

0 

4J 

g 

r- 

o 

^ 

esi 

O^ 

m 

o 

in 

a. 

4J 

— : 

^oo" 

r^ 

r-l 

en 

r-| 

CJ 

.-4 

O 

O 

u 

to 

-» 

CO 

o 

p 

■< 

Cb 

o 

n 

o 

O 

cs 

r^ 

•o 

vO 

■* 

O 

O 

1— ( 

>o 

01 

> 

in  ^ 

•o 

00 

ro 

CO 

o< 

m 

o^ 

r^ 

tn 

~» 

cr 

m 

O^ 

01 

l-i 

O    CM 

tn 

<T' 

d 

m 

o> 

oo 

-» 

J 

m 

r-> 

— 

-' 

T3 

u 

CM 

—4 

—' 

'^ 

X> 

u 

w 

Di 

o 

i 

2 

PJ 

PJ 


3 


43 


0)    41 
N   T. 

1-4 
I/) 


o  o 
O-JOoomoomoo 


n  op  X  X  X  X 

I'   +  _   _ 


X  X  X  X  X  o 


^  0>    >> 


ooO-JOoomoomo 
^4»-4<N<^n^>oO 


r* 


41 

5 

^4 

C 

V 

4 

a 

4J 

4-1 

c 

in 

41 

F 

-^ 

4> 

a. 

OJ       O 

B 

u 

O      en  rM 

« 

•^   O    <0 

CO 

X 

VI  CO   Z 

■^ 

208 


o  o 

V  u 

u  <« 

O  K 


^  m   ^^  r- 

.     .     .     .  (J 

o^  1^  tn  o  o  E- 


>in>nor~'*cns»^moo>n 


^  O  m 

-H  O  -> 

\  o  o 

«n  o  1^ 


h  S 
O   O 

V  o 
u  a 
o  u 

<  b. 


CQ-H 


o 


-»  r~-  — J  <r  --  r~- 


n         — I 


V    u 
u  <« 

<     6L. 


>  r^  n  O  n  o 
ia-<H 


fM  o^  f^  r^  ir»  ^^ 


■P 


O 
O 


o  o 

w  u 

U  <D 

U  l-i 

<  b. 


>0  O  »n  o  CO  ^ 


•'^    00  CM 

"^  o>  o> 

>«    CM-O 


<M  O  -^ 

--      o       — 

ri         -J         >o 


o  o 

«l  O 

u  a 

O  V' 

<  b. 


-^  ^o  — I  •*  o»  in  ■* 

•-    • M 

Ot^OOOOvOtNOOH 

tr>  CM 


w  O 

>om<N-^-jrMo\Noao-'(M  «»        m 

<a>oiOOOO<NOr»inro^  ON         ^ 
Of 


h  e 

o  o 

*i    -H 

OU  u 

«l      U 

u  a 

o  u 

<  u. 

fN 

O 

n 

^^ 

o 

r- 

^ 

o 

00 

•a 

n 

o 

<o 

V 

<^  r^  o^  -^  fo  00  vO 


<»)-^oooo^c>fNina>r>.-»-H       >o       ^ 


I 
CM 


en 


■I 
« 


a. 

E 
a 

CO 


M 


O  O 
0-»Ooomoomoo 

V  "r  CM 


O00>^0oou^oomo 


B 
«i 

E 

-H       oi       O 
WO      fn  fM 

•»<  O    « 
JZ  t/i  t/i  X 


e 


209 


u    C 

o  o 


/-N  o     <8 


O  O  ~*   -J   O   vD   ^O 


u 

^    CM    CN    — I    -^ 


U    C 

o  o 


o  •-- 

."M  OO 

o  o 

o  <^ 


r~         O     ^^ 

^        in        -^f 
O         <^ 


-o       o 

^      o 

-*      ■* 

o 


o  o 


<   <u 


u  a 
o  o 

a)   u 


^^  >^  c4  00  f^  "^  r^ 


•       •••••••••V-i 

c^  ^  ^  — ' 


GO  sO  r^  <7^  ^  "^  r^ 


O  m  >J  O  <*^  *n  -4" 


*OPnO»nsOOOOOGOr^ 


>OOOOOOOOf^— *o 


^^   Osi   r^   CT^    CM   CN 
GO   O  <^   CO  <*^   ^ 


^  -1  -I 


vOOOOO<^OOCN--iO 

-^  -a-  CO 


r--.-iOao<--iOO— 'mo 
^  -J-  -I  '-< 


^n^00<NOO>O*)O 

C^OO**^*^©©^^*— 'O 
in  n 


OvO-^tN<IO-<~*>n^ 
OP.I^ov^OOt^'no 


IT) 
CM 


u 
w 

o 

z 

IXI 


u  C 
o  o 

ti    -H 


in  cNj  ^^  ^^ 


CO  r- 

r-l    O     O     O 


cn  CO  lO  O  O 
00  ^  O  --I  O 


<v|   O   O  ^   O    E-   E- 

m  ~3- 


I 

-* 

CM 


•<   <u 


^^ov^in>o»ninNOincnin 


OOOOco^^O^»n^en^^ 
CM  CsJ   ^^   .— I 


^-»r-in^-*<J-3''ncM 
^        CM  com-jooo-OOvO^^ 

^        in  nO'-'c^OOOcn-JO 


o 

it 

a. 

3 

>4-l 

di 

f-t 

^ 

d. 

o 

B 

*J 

a 

9 

en 

U 

<v 

CO 

C 

CO 

lU 

E    E 
o  o 


«      e 


o  o 

O'^ooomoomoo 

^^^^<N|CMn>avO^^CM 

O 
xxxxxxxxxo 


H 


o 

CO 

+ 
■< 


i  CO  n 

--       CM  O  ""O    O       CM 

W  O     CO  cviO  O  O  O     cvi  <viO 

^  o  to  <o  00  "^  <^— '  <"  r* 

01 


c  e 

4J     U 


a.  o> 
E   E 


210 


00  ro  in  00 

O  (--  <f 

o^ 

CNI  o^  0> 

vo  v£)  in  n 

o  00  in 

m 

)-l  .  .  . 

•  •  •  • 

o 

H  ro  <t  ^ 

vX3  >— 1  o  in 

r-i  in  o 

f^ 

oo  O 

in       rsi 

(T) 

vO  in  vO  rsl 

O  ^  0^ 

, — 1 

m  1— 1  00  r-- 

m  r-^  >o  o 

00  csi  r- 

o 

•  •  •  • 

•  •  •  • 

o 

O   rH   <t   CO 

O^  ■— 1  O  '-^ 

sD  r--.  O 

r--- 

<f  in 

m     CO 

CN 

ro 


ro  in  o  <r 

en  00  CO 

00 

m  00  <r  <r 

r--  o  in  r-i 

00  00  CT^ 

•  •  •  • 

•  •  •  • 

•  •  • 

cr- 

O  vD  O  ro 

CN  ^  O  CO 

CO  vO  o 

vr> 

CO  in 

vO        CN 

c^g 

CN 


CO 


to 
■u 

•H 

CO 
o 

a 
£ 
o 


•H 

CO 

Q 


<r  <N  00   r-l 

vO  CO  <t 

CN  00  CO  r-- 

o  o  in  CNi 

vo  <r  ^ 

00 

O  eg  ^^  in 

m  o  o  c3^ 

(^  >^  ^^ 

vO 

— 1  CO  <r  ^ 

in      eg 

eg 

00  vD  CO  o 

in  in  in 

o 
o 

m  ^  o  -4- 

vO  o  vD  r~- 

in  <r  00 

00 

tN  o  O  r-- 

O  CM  o  r- 

CO  o  o 

\0 

-^  CO  in 

v-D          CvJ 

CM 

Q 

o 

&. 

u 

I— I 

< 

O 

o 
a: 


u 
w 

I— I 

I—* 

CO 

< 


CO 


<r 

in  CO 

CO 

in  >-<  ■<r 

CO  CO 

r^ 

!-i   .   .   . 

vO 

H  in  CO  r-i 

r^  ■— 1 

-H  <t  <r 

in 

CO   CO 

.—I    CM 


in  CO  r-i 

Csl 


I 

(N 


X2 
Ctj 


■u 

V) 

S 

>> 

j:: 

( — 1  ,^-N 

-^   CO 

CO 

-  CO 

o  in 

CO  to 

—1  O 

c 

CD  <D 

O  CM 

C  -H 

CO  CO 

<; 

• 

N  S 

r-i      CO 

<1   CO 

4-> 

O 

•H 

O 

in 

CO 

^  + 

f— ( 

2 

W  M 

+ 

X  X  cvj 

01  CQ 

CO 

CD 

CO 

4-1 

^-'  jn 

4_» 

(D 

C  —1 

O  O  1 

CO  >> 

</) 

c 

£ 
a; 

4J 

r— 1 

a, 

B 

vO  o 

r— 1 

•H  Q 
j-J  — 

X  CO  <: 

CO 
Q 

CO 

CO 

CM        O 
O        CO    CM 
•--<   O    CO 
C/5    CO    2 


U 


211 


(—1 

O   '— 1  '-^  o 

O    sO    00 

<T> 

.—1 

csi  rsi  r-^  00 

o  00  r-  00 

00  o  o 

■v^ 

<f 

•      •      •      • 

•     •     •     • 

•        •        • 

r^ 

O   o)   00   00 

r^     O     O     <^ 

o  ^  o 

CN    vO 

vO                   «N 

CO 

CO 


s^" 

cr  p-i  ro  >* 

vO   O   O 

<]• 

cvi  O  00 

r^  >d"  m  r^ 

\o  <t  a 

CO 

U      '      '      ' 

•     •     •     • 

•        •        • 

r^ 

E-"  CN  lO   o>l 

■^    CO    O    vO 

00    1^    ^ 

-^  m 

vO                  CM 

CM 

CM 


Q 

o 


00 

o 

O^ 

vO 

<!• 

00 

O  00 

r- 

r-~ 

o 

o 

o 

vO 

CO 

vO 

<r 

in 

O  00 

V-i 

<r 

CO 

c^4 

• 

CM 

o 

r- 

• 

in 

•        • 

00  o 

OT 

•4- 

m 

vO 

CM 

CM 

(U 

4-1 

•H 

CO 

O 

Cl 

s 

o 

U 

f— I 

00 

.— 1 

00 

o 

O 

o 

CN    CO 

vD 

r— < 

1— 1 

<!• 

f— I 

in 

r- 

o 

<t 

v£> 

s£) 

00   '-> 

•i-t 

^^ 

tsi 

• 

• 

• 

4 

• 

• 

• 

• 

• 

•        • 

CO 

<t 

r^ 

in 

cs 

r— 1 

.—1 

CM 

.— 1 

o 

00 

.— 1 

00    ^ 

O 

t— 1 

<t- 

<r 

^D 

CM 

CO 

u 


o 
o 


U 

a: 
w 

Ui 

< 


4.J 


w   ^ 

•H 

CO 

4J 

(0 

>i 

2 

>. 

•—1 

x: 

I— 1   -'^ 

-^        CO 

CO 

-  c/)         o  in 

CO      CO 

-I  o 

C 

0)     01            O    CM 

C    -H 

CO    <^ 

< 

, 

N    S             ■— t    CO 

<      CO 

4J 

O 

•HO                       "^ 

CO 

5  + 

1—1 

2 

CO    (-1  \p  X   X  cNi 
(U  +              en 

0)    03 

H 

CO 

4J 

w  x: 

4-> 

0) 

C  — <        o  O    1 

CO     >, 

to 

c 

c~g       O 

<— 1 

<D    f-i                    ^ 

e  vj  o 

X  Lo  <; 

a; 

O       CO    CN 

(U 

G. 

•5  o 

e 

•H  O    CO 

4-' 

6 

M 

4-)    ^-^ 

di 

CO    CO    z 

CO 

CO 

O 

f-l 

r-( 

o 

LO 

CO 

& 

w 

I 

CM 

o 

E- 


212 


I— I 


CO 

t— I 
^^ 

CO 

m 

r-l 
^^ 

CO 


CO 


o 

I— I 

CO 


CO 


o 
in 
<r 
o 


o 

CO 

CO 

Csl 


O 

CO 
00 


O 
CO 

o 
o 


in 

I— I 

CN) 


O 

o 


o 

CO 


o 
m 
O 

o 


in 

CM 


o 

O 


in 
in 


in 
eg 

o 


O 


■J- 


00 


o 

00 


00 


O 


00  CO  ^^  r-i  <f  csl        in 


E-'Ocor^r-j^^in  O 

CNl  CO   ro  I 


I —  or^inocoo  r^ 


O<^00rsj.— iinCT^  O 

.— I   CN   rsl    csj  I 


\D    CM    <NI    00    CSJ    vX>    ^ 


OcO(^^^^^~3-'-<  O 

I— <    CNl    csi    CO  I 


O  m   CN   .— I  r--  fsi  <J- 


■— tcor--0'— i^O         O 

^^    <NI    CO    CM  I 


CO   <»•   00   00   o   O^   o 


CM 

CO 

r-~- 

O 

r— 1 

O 

Csl 

,—1 

CO 

( — 1 
• 

<r 

O 

co 

CO 

r^ 

in 

o> 

o 

CO 

in 

CT^ 

CNJ 

.—1 

cX) 

,—1 

in 

CSJ 

in 

CN 

1— 1 

1 

.— 1 

CO 

00 

r-- 

00 

c^ 

<r 

sO 

.  -A 

<t 

00 

CM 

o 

csl 

CO 
fsj 

00 

Csl 

1— 1 

I — ^  CN  in  in  ^  in  .— I 


^  <t 

• 

00 

CM 

r-l 

sO 

in 

.— 1 

.—1 

CN 

og 

CM 

1 

in 

CN 

CO 

1 — 1 

CT' 

o 

a> 

sa- 

O 

CO 

a^ 

CO 

o 

CO 

.—1 

•—{ 

I— 1 

■<r 

' 

ve  o 

r-- 

00 

• 

in 

• 

CO 

CT' 

CO 

O    <f    1^    O   O^    O    vD 

.—I    .—I    CM    CO 


CO  sO   r-~  O   '-^  CO  vO 


O  vO  O  CO   r-   csl  OS 

.— I     .— I     ^H     I— i     CO 


in 

.— I 

in 

o 

00 

o 

• 

• 

• 

r-- 

CO 

I— 1 

CN 

c^ 

00 

r--~ 

O 

vD 

o 

• 

• 

• 

o 

CO 

. — 1 

CO 

00 

CN 

ON 

v£> 

, — 1 

o 

• 

• 

* 

r^ 

CO 

^^ 

CN 

Cjs 

sD 

<f 

in 

00 

.—1 

* 

• 

• 

CO 

CO 

r— 4 

CM 

<r 

sD 

o 

CO 

<r 

CM 

• 

• 

• 

r^ 

<r 

.—1 

CM 

CM 

CM 

-J- 

00 

,— 1 

O 

• 

• 

• 

00 

CO 

1 1 

CM 

sD 

<J- 

m 

O 

vO 

a^ 

CM    O 


in 


r- 

Ov 

00 

r^ 

CM 

,— 1 

• 

• 

• 

O 

rsl 

r— 1 

CO 

sD 

CN 

<)• 

in 

r-~- 

<r 

• 

• 

• 

o^ 

r-l 

r-( 

CO 

CO 

St 

sJD 

. — 1 

in 

O 

• 

• 

• 

in 

•-A 

,— 1 

CO 

vO 

r^ 

CM 

vD 

sD 

O 

O    Csl 


CN 

OS 


o 

W 
U 

Q 

U 

I— I 


OS 
CO 

< 


in 


(N 


43 


x: 

^ 

to 

o  o  in 

0) 

QJ 

00 

in 

O  O   Csl 

• 

N 

S 

<r 

vO 

.—1   CM    CO 

O 

•H 

in 

z 

C/3 

V-i    CO 
0)    + 

X 

X 

XXX 

0) 

C 

.—1 

in 

00 

moo 

. — 1 

CU 

>^ 

CO 

sf 

so  o  o 

a; 

cu 

cu 

<u 

H 

.—1    CN 

AJ 

e 

e 

)-l 

CO 

•i-i 

CC 

o 

« 

H 

00 

oo 

0) 

W) 

+J 

C 

5 

CD 

x: 

•N 

u 

CO 

•r-l 

■u 

m 

x: 

>^ 

QO 

1—1 

•H 

CO 

OJ 

C 

12 

< 

01 

,—t 

C 

CO 

•H 

4-1 

o 

c 

Csl         O 

1—4 

(U 

O        CO    CM 

CO 

Fi 

•H     O      CO 

u 

OJ 

W    LO    Z 

w 


213 


in  r-- 

<r  O 

o  <f 

<t         OJ  r~- 


CT' 


^  as  o  r^  oo  o^  Lo 

,— I  <}■  CT^  c~^   ■— *  "^  -^^ 
,— I   rsl    I— 1   CO 


CO 
I 


rsicovDrNivo<tPoa^ooom 


O         <!■ 

O         r- 

O         r-- 


m    00    <N   in    <N    vO    <1" 


vO 


^fOCX3CNI'-i<fOO  lO 

,— I   rvj    r-i   ro  I 


<T>asoo(~^ro\DfomcNvOcsi 

OOoO'— I'— 'O^O-— 'l~^--3"'— iCJs 

QO<r^r-iooor~-roOO 
CNi  ro   •-< 


00 


o       o 


r^  r^  -J-  04  u~i  r~-  00 
oj  O  I'"!  "~>  O^  O  "~i 

r-l      I— I      I— I     1— I     I— I     CN 


I 


r^OLO<>Jooro-^somcT>o 

m<l-0<tfOO'-^'>D<t'— ICT^ 

ro        m  r-< 


00 


00 

o 


lO  in  00 


in  CO  in 


O  ro  r~~  f^  <^  "^  ^ 

.— I  CM  r-^  ro 


rvjinr-JO^Cslin-3'OCNrOO 

o  oo^<l"000— ^~*^tNin 

,-1  oin^v£>oiOOOOrOO>— I 

I  CO  CO    -^ 


CM 


O  r^ 

r--    O  r- 

>^     00  CNI 

^    r-i  r- 


in    CT^ 

00    <~^ 
<t    O    r^ 


r~- 


in    CM 
CO    O 


vD 


I— I  CO  CO  •—I     I 


r-^(N\oo^incr>o        ^ 
,— i<foococNr~rsi  CM 

r-l     fSI     r-^     CO  I 


^Ln<Ts^O-:l"(^        f~^ 

--^    fvl    .— I    CO  I 


r^i^CJ^inr^oO'-^r-^omoo 

incOcOvOvDO^-tf^OfM'— I 

CSl  CO      r-^ 


r^<tOOOCOOOCOvI3C^OfO 

vtr-<tinoo^<^<t'^r^ 
^co^^o^mooo^c^oo 

<N  CO    ^^ 


-j'CT^oo^mcoinc^Oi^'O 
orocv4vOCsO'— *^DO-d"0 

oo^^roo^oooiooo 

-Cf  CO  ^ 


o 
u 

Q 

H 

E- 


vO 


o 

ON 

<J- 

r^ 

<r 

^-t 

o 

r- 

CO  (N  r--  00  m  o^  vO 
^-<  \0  O  <^  O  c^  ^ 

r-l    r-^    CM    --<    CO 


.— iLnr~-oio<t«N^ONinc\i 
•j-comvOONO'— I-— *r~~<l"0 

<f      CO        — ' 


CO 


in 


o 

f— I 

00 


in 


CM  -J-  CO  -J'  00  r^  (N 
o  ro  00  PO  fO  <t  ^ 

,— (  CM  i— I  CO 


CM 

I 


vDOOOcOvDOOPOO-J'O 

OO  CO      r-l  ^ 


1-1 
I 

"Si- 

CM 


in 

in 

r— 1 
O 

CO 

r— 1 

in  vD  <r  <t-  CO 

CO  in 

O  fO  t^  «^  "~i 

<t  in 

.—1  CO 

CO 
I 


vDOOincOOCM<3'<J"'— '"^"^ 

v£>ooin-x)<toooO'— i<tin 
csin^^^^^^oooioO'^ 

CO  CO   1— <  ■— ' 


o 


a, 
6 

CO 


>-i 
o 
CO 


in 

u  < 

I— I 


00  in 


O   lO 
o  c\i 

CM    CO 


in 


X   X   X   X   x  <~^ 

CO 

m  oo  in  o  o    I 

CO  <f  vC  o  o 


C 
CO 

o 


4^ 

00 


CO 


IS 


f— I 

CO 


CO 


_  CO   CO 

(2      CM        O  i^O    O     cvj 

O)   O     CO   cmO   O   O   O     fM  c-gO 
6   -r-l   O    cfl     cfl    60    CN   c^r-^    OJ  •>-•    II 
a)CoooZ(jiSt/OLi<;Ci,E-'to 


w 


214 


~~Q 0-, i  TO  QUE  NJCM 


■ttv/eff.E-ioi 


EKPejsfslCM    Ux»f^ 


(i,<*fwe>e    Ei-.n?'^' 


Figure  22-8.   MODIFIED  REGENERATOR  CYCLONE  INSTALLATION 
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i'^^H.  4c  0^-510  pipg  Ej(T. 
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Figure  22-10.   GRID  PLATE  GAS  DISTRIBUTOR 
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Run 
22A 


\l 


Lift  Gas 
Flow,   SCFH 

40,000 

49,690 

58,180 

77,570 

101,810 


Lift   Gas 
Temperature, 

Op 


1250 
1250 
1250 
1250 
1250 


Lift  Gas 

Pressure, 

PSIA 

173 

173 

173 

173 

173 


Upper  Lift  Line 
Pressure  Drop,  In.  W.C. 
Measured       Fanning 


2.38 

3.50 
4.38 
7.50 
11.5 


1.89 
2.78 
3.68 
6.17 
10.1 


22B 


t 


39,040 
48,800 
58,560 
78,080 
98,820 


1170 
1170 
1170 
1170 
1170 


173 
173 
173 
173 
173 


2.50 
3.50 
4.75 
6.50 
9.75 


1.71 
2.55 
3.53 
5.91 
9.04 


22C 


t 


50,760 
61,160 
70,840 
81,210 
94,430 


1150 
1150 
1150 
1150 
1150 


168 
168 
168 
168 
168 


3.50 
4.63 
5.75 
7.63 
9.75 


2-.  77 
3.87 
5.04 
6.45 
8.46 


23 


V 


48,640 
59,580 
78,800 
85,120 


1170 
1170 
1170 
1170 


171 
171 
171 
171 


3.50 
4.25 
6.38 
7.38 


2.56 
3.68 
6.08 
6.99 


Table  22-1.   ACCEPTOR  LIFT  LINE  GAS,  FLOW  TEST  DATA,  RUN  22  AND  23 
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Solids 

Lift  Gas 

Lift 

Gas 

Lift 

Gas 

Circulation 

Velocity 

,   Temperature, 

Pressure, 

Rate,  Ib/hr 

ft/sec 

op 

PSIA 

Run  22A 

Date  -  9/24/74 

Lift  Gas  -  Air 

6,340 

55.5 

1150 

173 

17,030 

56.0 

1150 

173 

Run  22B 

Date  -  11/26/74 

Lift  Gas  -  Air 

2,690 

45.5 

1180 

173 

7,060 

45.5 

1180 

173 

15,620 

44.9 

1180 

173 

Run  22C 

Date  -  12/16/74 

Lift  Gas  -  Air 

4,780 

51.5 

1150 

171 

4,780 

40.8 

4,780 

60.5 

4,780 

51.5 

9,610 

51.5 

9,610 

40.3 

9,610 

61.1 

9,610 

51.5 

12,870 

51.5 

12,870 

40.8 

1 

' 

12,870 

61.2 

\ 

/ 

\ 

12,870 

52.0 

1 

1 

Run  23 

Date  -  1/16/75 

Lift  Gas  -  Air 

4,740 

50.7 

1170 

171 

10,370 

50.7 

1170 

171 

12,310 

50.7 

1170 

171 

5,390 

51.2 

1150 

168 

8,040 

51.2 

1150 

168 

11,180 

51.2 

1150 

168 

Table  22- 

-2.   DEAD- 

BURNED  D( 

DLOMITE 

CIRCL 

ILATIO 

Upper  Lift  Line 
Pressure  Drop,  In.  W.C. 
Measured  Corrected  Fanning 


9.25 
20.0 


5.0 
10.0 
20.8 


7.25 
12.75 
16.25 

7.5 
10.5 
13.75 


8.45 
19.20 


4.34 
4.42 


4 

20 

3.00 

9 

20 

3.00 

20 

.00 

2.94 

7.50 

6.70 

3.76 

8.25 

7.45 

2.48 

8.13 

7.33 

5.03 

7.63 

6.83 

3.76 

11.50 

10.70 

3.76 

15.00 

14.20 

2.42 

11.00 

10.20 

5.12 

11.85 

11.08 

3.76 

15.25 

14.45 

3.76 

19.25 

18.45 

2.48 

13.38 

12.58 

5.12 

15.63 

14.83 

3.83 

6.45 

3.64 

11.95 

3.64 

15.45 

3.64 

6.70 

3.68 

9.70 

3.68 

12.95 

3.68 
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Date 

Time 

Screen  Size,  Wt  % 
Tyler  Mesh 
+60 
60  X  100 
100  X  325 
-325 

Ultimate  Analysis,  Wt  7„ 
H2O 
C 
H 
S 
Ash  +  SO3 

Elemental  Analysis,  Wt  7„ 
Si02 
SO3 
Na2  0 


5/25 
Composite 


5/26 
Composite 


3 

.8 

27 

.8 

59 

.6 

8 

.8 

0 

60, 

.83 

1, 

.38 

1. 

,86 

29. 

,61 

25. 

91 

9. 

24 

1. 

36 

2 

.4 

6 

.8 

61 

.6 

29 

.1 

0 

65. 

,72 

1. 

,08 

0. 

,53 

25. 

,57 

22. 

82 

8. 

14 

1. 

22 

Table  26-10.   GASIFIER  CHAR  TO  ORGANIC  POND,  RUN  26A 
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RUNS  27A,  27B  AND  27C 
JUNE  27  TO  AUGUST  12,  1975 


CO  ACCEPTOR  PROCESS  GASIFICATION 

PILOT  PLANT 

RAPID  CITY,  SOUTH  DAKOTA 
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1   SUMMARY 


o-,?^T  ''^P°''^  ''°''^''^  ^^^  ^^^^^  ^"-^y   Pilot  Plant  operations  for 
August  U^mS) '■'"''  ''  ''''^'  '''   ^'"^^  ^'-'^'  ^^^^'  -^  2"  '°^ly  25. 

Plant  startup  for  Run  27A  was  interrupted  five  times   After 
reaching  process  temperature  at  0700  hours  July  4,  1975  the  Dlant 
operation  continued  until  1306  hours  July  7,  1975.  At  this  time  an 
offsite  electrical  power  failure  resulted  i^  def luidization  of  the 
gasifier  and  regenerator  beds  and  the  plugging  of  the  acceptor  lift 

ias  kut  dnl'f"  ^"^r    P''"^''°"  '°"^^  "°'  ^"  reestablished,  the  plant 
was  shut  down  for  cleaning  and  repairs. 

Fourteen  hours  after  attaining  process  temperatures  in  Run  27B 
in\rf,'r'%'°''  ""^  "^'  ''"^"^-     ="=  "°"  adjustments  were  being  mad^ 
and  eltm^nT  '°  «"^".='"  acceptable  regenerator  temperature  profile 
W  H»f?  .  ^f^^^Jurning.   Inadvertently,  the  velocity  became  too 
Un;  Ti,Tt]ll7   the  regenerator  bed  and  plugging  the  acceptor  lift 
line.  The  plant  was  then  shut  down. 

Run  27C  was  the  most  successful  of  the  three  runs.  This  run 

be"us:f?ofl,°d  •''%.'''''  'r   '"  ^'^  ^''''   P^-^  ^^^^  pure  steam  could 
be  used  to  fluidize  the  gasifier  boot  acceptor.  For  more  than  25  hm,r«; 

the  gasifier  was  operated  with  the  only  inputs  being  calcined  acceptor 

2irho  '"'r-'""'  ""'  superheated  steam.  Achievements  also  included 

hours  orooerat':'"':.'  "'""'  °P'^^''°"  ^^  ^^''^'^  temperatures  and  65 
hours  of  operation  with  no  air  injection  into  the  gasifier.  Fuel  char 
transfer  was  steady  throughout  this  time. 

The  loss  Tf'llellTn'lu'"^""^ ■^.""'''''''^  ^'^"^  ^^'  P^^"^  ^^^^^^  ^^ut  down. 
ThP  I.IU  ^^^   gasifier  resulted  in  slumping  the  char  bed 

The  gasifier  inventory  was  dumped.  The  reactor  was  then  refilled  with 

ctr  ?r  n:LTt'o"?h:°"''''°"^  ^'^^   reestablished.  ^H^wt^er  'tielu:'' 
plant  was  shut  1^  regenerator  could  not  be  controlled  and  the  pilot 
plant  was  shut  down.  Subsequent  inspection  revealed  that  the  char 
transfer  control  valve  butterfly  had  broken  free  of  the  shift. 
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2   TEST  DATA 

Run  27  data  are  presented  graphically  and/or  tabularly  at  the  end 
of  this  run  report.  These  figures  and  tables  include: 

Page 
Figure  27-1.  Schematic  of  Gasifier  Boot  AP  Instrumentation  296 

297 
Figure  27-2.  Sample  S-13B,  Run  27C  

298 
Figure  27-3.  Sample  S-13C,  Run  27C  

Figure  27-4.  System  Junk  Inventory,  Run  27C  (2  sheets) 299 

301 
Table  27-1.  Gasifier  Data,  Run  27A  

302 
Table  27-2.  Regenerator  Data,  Run  27A  

303 
Table  27-3.  Gasifier  Data,  Run  278  

Table  27-4.  Regenerator  Data,  Run  27B  

Table  27-5.  Gasifier  Data,  Run  27C  (3  sheets) ^05 

Table  27-6.  Regenerator  Data,  Run  27C  (3  sheets)   2° 

311 
Table  27-7.  Feedstock  Composites   

Table  27-8.  Circulated  Acceptor,  Calcined  Acceptor  Return, 312 

Run  27A 

Table  27-9.  Circulated  Acceptor,  Recarbonated  Acceptor 313 

Return,  Run  27 A 

Table  27-10.  Circulated  Acceptor,  Run  27B  

Table  27-11.  Circulated  Acceptor,  Calcined  Acceptor  Return 315 

Run  27C 

Table  27-12.  Circulated  Acceptor,  Recarbonated  Acceptor  316 

Return,  Run  27C 

317 
Table  27-13.  Regenerator  Fuel  Char,  Run  27A  

318 
Table  27-14.  Regenerator  Fuel  Char,  Run  27B  

Table  27-15.  Regenerator  Fuel  Char,  Run  27C  (2  sheets) 319 

Table  27-16.  Gasifier  Char  Bed  Material,  Run  27 A 321 

372 
Table  27-17.  Gasifier  Char  Bed  Material,  Run  27B  

Table  27-18.  Gasifier  Char  Bed  Material,  Run  27C  (4  sheets) 323 

Table  27-19.  Gasifier  Char  to  Organic  Pond,  Run  27A  

■7  ■70 

Table  27-20.  Gasifier  Char  to  Organic  Pond,  Run  27B  
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Table  27-21.  Gasifier  Char  to  Organic  Pond,  Run  27C 329 

Table  27-22.  Ash  and  Attrited  Acceptor,  Run  27A 330 

Table  27-23.  Ash  and  Attrited  Acceptor,  Run  27B 331 

Table  27-24.  Ash  and  Attrited  Acceptor,  Run  27C 332 

Table  27-25.   Pressure  Balance  Tests,  Run  27C  (2  sheets) 333 
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3   SIGNIFICANT  EVENTS  AND  OBSERVATIONS 

3.1    HISTORY  OF  RUNS  27A,  27B  AND  27C 
3.1.1  Objectives 

For  these  runs  the  objectives  were: 

(1)  To  achieve  long-term,  integrated  plant  operation,  preferably 
for  a  30-day  period. 

(2)  To  demonstrate  plant  operation  using  pure  steam  to  fluidize 
the  gasifier. 

(Z)         To  establish  balance  periods  to  study  the  effects  of  process 

variables  such  as  the  gasifier  and  the  regenerator  temperatures, 
acceptor  makeup  rate  and  gasifier  inlet  steam  flow. 

3.1.2  Accomplishments 

Run  27A 

(1)  Operated  plant  in  an  integrated  manner  with  both 
reactors  at  operating  conditions. 

(2)  Completed  the  stage  in  startup  at  which  lignite  is 
fed  to  the  gasifier  and  fresh  active  acceptor  is  used 
to  change  out  the  dead -burned  dolomite  inventory. 

Run  273 

(1)  Operated  plant  in  an  integrated  manner  and  attained 
process  conditions  in  both  reactors. 

(2)  Accomplished  startup  step  of  feeding  lignite  coal  to 
the  gasifier. 

Run  27C 

(1)  Operated  plant  in  an  integrated  manner  and  attained 
process  conditions  in  both  reactors. 

(2)  Demonstrated  that  100  percent  steam  could  be  used  to 
fluidize  the  collected  acceptor  in  the  gasifier  boot. 

(3)  Successfully  controlled  the  level  of  intermediate 
fines  in  the  gasifier  char  bed. 
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(4) 


(5) 


Improved  the  reliability  of  the  fuel  char  feed  from 
the  gasifier  by  controlling  the  differential  pressure 
drop  across  the  upper  section  of  the  fuel  char  standleg, 

Obtained  a  series  of  11  solids  and  11  liquid  samples 
for  which  compositions  and  trace  element  analysis  will 
be  obtained. 


3.1.3  Reasons  for  Termination 
Run  27A 


An  electrical  storm  caused  a  series  of  four  electric 
power  failures  which  slumped  the  gasifier  and  the  regenerator 
beds  and  plugged  the  acceptor  lift  line.  Flow  could  not  be 
regained  in  the  lift  line. 


Run  27B 


The  defluidization  of  the  regenerator  bed  while  trying 
to  attain  an  acceptable  regenerator  temperature  profile  resulted 
in  plugging  the  acceptor  lift  line.  Acceptor  lift  flow  could 
not  be  reestablished. 


Run  27C 


The  run  was  terminated  when  flow  of  fuel  char  from  the 
gasifier  to  the  regenerator  could  not  be  controlled.  After  an 
orderly  shutdown,  inspection  of  LCV-2002  revealed  that  the 
butterfly  had  hrnVpn  ^r,^,co.  f-^r^r^  t-u^   „t._ir^ 


butterfly  had  broken  loose  from  the  shaft. 
3.1.4  Mechanical  Problems 
Run  27A 


(1) 


(2) 


The  gasifier  quench  tower  inlet  continued  to  plug   In- 
spection of  the  venturi  showed  a  hard,  layered  buildup 
in  the  diverging  section.  The  open  area  was  essentially 
the  diameter  of  the  blade  on  the  rod  out.  Betz  403  a 
dispersing  agent,  and  Betz  429,  a  surfactant,  were  in- 
jected into  the  makeup  water  but  did  not  reduce  the 
solids  buildup. 

The  auxiliary  fuel  char  feed  was  out  of  service  for 
approximately  two  and  one-half  hours  due  to  a  plug  up- 
stream of  the  feeder.  f     &  ^y 
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(3)  Two  minor  hot  spots  on  the  calcined  acceptor  standleg 
CCD-206)  and  one  on  the  acceptor  lift  line  (CD-208) 
developed  due  to  insulation  voids. 

(4)  The  withdrawal  pipe  to  the  S-10  sample  station  (recar- 
bonated  acceptor)  broke  at  the  weld  to  the  recarbonated 
acceptor  standleg  liner  (CD-204) . 

(5)  Inspection  of  the  expansion  joints  on  the  acceptor  lift 
line  (CD-208)  revealed  appreciable  erosion  in  the  lower 
two  inches  of  the  third  floor  cone.  The  hard  surfacing 
and  part  of  the  cone  itself  had  been  eroded.  The  liner 
itself  was  eroded  about  thirteen  inches  above  the  sixth 
floor  cone  with  a  general  thinning  of  the  liner  extending 
about  three  feet. 

Run  27B 

(1)  During  startup  the  gasifier  recycle  compressor,  J-201B, 
was  repaired. 

(2)  A  char  roller  mill  plug  and  air  leaks  in  the  lignite 
cyclone  lift  line  caused  the  baghouse  filter  bags  and 
hoses  to  be  damaged. 

(3)  During  cleanup  after  shutdown,  a  broken  weld  in  the 
regenerator  air  ring  was  discovered. 

Run  27C 

(1)  During  startup  an  electrical  malfunction  in  the  emergency 
shutdown  system  caused  XCV-2041  (regenerator  lift  gas  to 
B-205  heater),  LCV-2003  (acceptor  transfer  from  the 
gasifier)  and  XCV-2013  (gasifier  ring  flow)  to  close. 

(2)  An  electrical  power  dip  caused  all  the  recycle  compressors 
to  shut  down.  Activation  of  the  control  circuit  in- 
stalled previous  to  Run  27B  prevented  plugging  of  the  ac- 
ceptor lift  line  and  all  flows  were  returned  to  normal 
within  a  few  minutes. 

(3)  The  butterfly  on  the  char  transfer  valve  (LCV-2002)  broke 
loose  from  the  shaft  and  the  shaft  was  slightly  twisted. 

(4)  Two  eroded  holes  through  the  inner  liner  of  the  acceptor 
lift  line  (CD-208)  were  discovered  above  the  third  floor 
expansion  joint. 

(5)  Solids  buildup  in  the  gasifier  quench  venturi  was  less 
than  in  Run  27A  but  still  present. 
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3.2.    CHRONOLOGY  OF  OPERATIONS 
3.2.1  Run  27A 


Hours 

Date 

Time 
0900 

Run 

6/27 

>i 

1340 

11 

1630 

It 

1918 

6/28 

0045. 

II 

0200 

M 

0315 

It 

,0345 

II 

0600 

II 

1445 

II 

1450 

1505 


II 

1530 

It 

1555 

It 

1630 

It 

1830 

It 

2230 

6/29 

0800 

II 

1000 

1300 
1545 


It 

1845 

II 

2027 

11 

2105 

tl 

2145 

6/30 

0215 

It 

0900 

Description 

Started  pressuring  the  system  with  air. 

Plant  depressured  to  repair  leaks. 

Started  pressuring  up  the  system.* 

Started  static  pressure  test. 

Finished  static  pressure  test.   Started  char 

lift  gas  compressor,  J-309. 

Started  all  recycle  compressors.   Placed  "A" 

and  "B"  gas  dryers  on  line. 

Started  gas  circulation. 

Lit  all  heaters. 

Gasifier  at  250°F,  starting  refractory  cure. 

Experienced  power  failure. 

Power  back  and  all  compressors  started  and 

heaters  relit. 

Experienced  power  dip. 

NOTE:  All  compressors  and  heaters  shut  down 
due  to  cycling  problems  with  electrical  power 
resulting  from  an  electrical  storm. 
Started  L-207A,  lignite  feeder,  test. 
Power  back  to  normal,  starting  compressors 
and  heaters. 

Started  grinding  lignite  to  preheater  again 
Attempted  to  send  gas  to  methanation  unit 
without  success. 

Finished  grinding  lignite  to  the  preheater 
Finished  J-207A  feeder  tests. 
Starting  L-207B  feeder  tests.'  Finished  re- 
fractory cure. 

Sending  gas  to  the  methanation  unit. 
NOTE:   Feed  gas  line  to  methanation  unit 
IS  still  partially  plugged. 
Starting  to  cool  the  system  down  in  prepara- 
tion to  depressuring.  Could  not  send  enough 
gas  to  methanation  unit. 
Unit  depressured. 
Pressuring  up  the  system. 
Recycle  compressors  started. 

Starting  to  transfer  gas  to  the  methanation  unit 
Completed  lignite  feeder  tests. 
Started  dead-burned  dolomite  addition  to  the 
gasifier  via  F-204B,  lignite  feed  lockhopper. 
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Date 


6/30 


7/3 


Time 


1030 


1110 
1550 


Hours 
Run 


7/1 

0630 

It 

1215 

11 

1315 

II 

1400 

It 

1545 

II 

1600 

7/2 

0215 

II 

0505 

II 

0540 

II 

0800 

II 

0820 

1550 

1610 
1700 

1915 


1930 
2345 


0135 


II 

0300 

II 

0330 

II 

0415 

It 

0420 

Description 

Having  problems  circulating  through  flow 
control  valve,  LCV-2003,  (acceptor  from 
gasif ier) . 

Dead-burned  dolomite  transferred  to  regenerator. 
Cooling  system  down. 

NOTE:  Depressuring  to  check  out  LCV-2003,  re- 
carbonated  acceptor  control  valve,  and  the  re- 
carbonated  acceptor  standleg. 
System  depressured. 
Started  pressuring  system  with  air. 
NOTE:   Found  several  pieces  of  fused  material 
in  the  recarbonated  acceptor  standleg. 
Started  static  pressure  test. 
Finished  static  pressure  test. 
Recycle  compressors  started. 
Heaters  lit. 

J-201B,  gasifier  recycle  compressor,  taken 
off  line  for  maintenance. 
J-201B  back  on  line. 

Started  dead-burned  dolomite  to  the  gasi- 
fier via  lignite  lockhopper,  F-204B. 
Started  dolomite  transfer  to  the  regenerator. 
Started  dead-burned  dolomite  addition  to  the 
regenerator  via  F-206,  fresh  dolomite  lockhopper, 
Stopped  dead-burned  dolomite  addition;  regen- 
erator full. 

Started  acceptor  circulation. 
Started  reducing  the  outlet  temperatures  of  the 
gasifier  boot  heater. 

Started  dead-burned  dolomite  addition  to  bring 
the  level  of  the  regenerator  back  to  the  normal 
level  after  removing  the  air  flow. 
NOTE :  Having  trouble  with  aeration  gas  to 
LCV-"2003. 

Began  grinding  lignite  to  top  off  preheater. 
Started  solids  circulation  tests. 
NOTE:  Cleared  out  aeration  gas  line  to 
LCV^IQOZ. 

Solids  circulation  tests  finished.  Stopped 
acceptor  circulation  and  started  lift  line 
gas  flow  tests. 

Finished  lift  line  gas  flow  tests. 
Introduced  steam  to  the  gasifier  side  flow 
and  reduced  recycle  gas  flow. 
ZnO  unit  placed  on  line. 
Began  feeding  char  to  the  gasifier  via  F-204A. 
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Date 

Time 
0715 
0810 

Hours 
Run 

7/3 

0900 


II 

1430 

II 

1500 

II 

1830 

II 

1925 

II 

2040 

M 

2320 

7/4 

0220 

II 

0315 

II 

0700 

II 

1410 

II 

2015 

75 

0300 

II 

0735 

II 

0740 

II 

0810 

M 

1000 

II 
II 

"      1540 


Description 

Introduced  air  into  the  gasifier  side 

flow  and  removed  the  recycle  gas  flow. 

Experiencing  problems  in  the  gasifier  boot 

and  unable  to  transfer  dolomite  to  the 

regenerator. 

Draining  the  contents  of  the  gasifier  to 

F-213,  purged  dolomite  lockhopper.  Stopped 

char  and  dolomite  addition. 

Filling  the  gasifier  boot  with  dead-burned 

dolomite  again. 

Inert  gas  flow  to  the  gasifier  replaced 

with  air  to  conserve  N  . 

Started  solids  circulation. 

NOTE:  Circulation  through  LCV-2003  poor. 

Circulation  through  LCV-2003  improving. 

Removed  air  from  the  gasifier  and  replaced 

with  inert  gas. 

Started  feeding  char  to  the  gasifier. 

Introduced  air  into  the  gasifier  side  flow. 

Introduced  steam  to  the  gasifier  boot  flow. 

Started  feeding  char  to  the  regenerator 

via  the  auxiliary  char  system.  Began 

drawing  S-13A  samples  in  order  to  establish 

fuel  char  transfer. 

Established  fuel  char  transfer. 
0        Regenerator  at  1800°F. 

Began  feeding  lignite  to  the  system  via 

F-204A. 

Found  the  lignite  cyclone  discharge  feeder 

to  the  preheater  not  working. 

Feeder  repaired,  starting  to  grind  lignite. 

NOTE:  Having  problems  due  to  the  over- 
loading of  the  lignite  scalping  screen. 

Lost  fuel  char  transfer. 

Lost  auxiliary  char  feed,  began  burning 

methane  in  the  regenerator. 

Stopped  lignite  feed  to  the  gasifier. 
27        Started  feeding  char  to  the  gasifier.   Re- 
gained auxiliary  char  feed. 
NOTE:  A  plug  developed  above  the  auxiliary 
char  feeder.  This  line  was  isolated  from  the 
system  and  the  plug  was  blown  into  a  tote 
bin  by  overpressuring  F-226B. 
^■^^^  Fuel  char  transfer  going  very  slowly. 

J^^^  Started  feeding  lignite  to  the  system. 

Fuel  char  transfer  lining  out.  Auxiliary 
char  feedback  to  minimum  RPM. 
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Hours 

Date 

Time 
0600 

Run 

7/6 

II 

1010 

53 

n 

1210 

II 

1305 

54.1 

Description 

Began  6X9  fresh  dolomite  addition  to  the 

system. 

Recycle  gas  flow  to  the  regenerator  air 

distributor  discontinued. 

Began  increasing  gasifier  boot  steam. 

Power  failure,  closed  all  solids  valves 

immediately. 
"      1425  Began  draining  the  gasifier  of  material. 

NOTE:  Attempted  to  lift  the  regenerator 

bed,  but  the  engager  pot  was  plugged. 
"      1615  Gasifier  empty  and  attempting  to  clear 

the  acceptor  lift  line  without  success. 

Started  cooling  the  system  down. 
7/7     0455  System  depressured. 


3.2.2  Run  27B 


7/15    2045  Started  pressuring  up  the  system  with  air. 

"      2200  System  up  to  pressure.  Starting  the  static 

pressure  tests. 
"      2220  Finished  the  static  pressure  test.  Started 

J-309,  char  lift  line  inert  gas  compressor. 
"      2300  Started  all  recycle  gas  compressors.   "A" 

gas  dryer  placed  on  line. 
7/16    0110  Checking  gas  flow  through  LCV-2003  and 

XCV-2010. 

NOTE:   Instrument  technician  worked  on 

XCV-2010  because  it  was  closing  by  itself. 

Valve  malfunction  was  corrected. 
"      0145  Heaters  lit  and  began  bringing  the  tempera- 

tures up  at  100°F/HR. 

"B"  gas  dryer  placed  on  line. 

Shut  down  J-201B,  gasifier  recycle  gas 

compressor,  for  maintenance. 

J-201B  back  in  service. 

Introduced  air  into  the  regenerator  ring 

flow. 
"      2115  Began  adding  dead-burned  dolomite  to  the 

gasifier  boot  via  F-204A,  lignite  feed 

lockhopper. 

"      2130  Began  grinding  lignite  to  the  preheater. 

7/17    0035  Transferred  some  dead-burned  dolomite  to 

the  regenerator  from  the  gasifier  via 

LCV-2003.   Lost  regenerator  recycle  gas 

flow  through  LCV-2032,  recycle  gas  to 

the  air  ring. 

NOTE:   Found  a  bad  diaphragm  in  FRV-2032. 

Used  the  bypass  until  the  valve  was  repaired, 
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It 

0500 

u 

0720 

f» 

1000 

11 

1025 

Hours 
Date    Time     Run 


Description 


7/17    0130  Experiencing  problems  with  the  gasifier  boot 

level  instrumentation. 

NOTE:  Overranged  the  FI's  for  the  gasifier 
boot  differential  pressure  recorder, 
dPR-2002,  and  the  boot  level  began  reading 
correctly. 
"     0145  Started  refilling  the  gasifier  boot  with 

dead-burned  dolomite. 
"      0300  Transferred  dead-burned  dolomite  from  the 

gasifier  boot  to  the  regenerator. 
'•    0305-0320  Started  feeding  dead-burned  dolomite  to  the 

regenerator  via  L-204,  fresh  dolomite 
feeder. 

NOTE:  Found  a  plug  just  above  L-204  and 
feed  was  finally  started  at  0320  hours. 
"      0945  Established  dolomite  circulation. 

"      1045  Started  the  solids  circulation  tests. 

NOTE:  Circulation  very  erratic  and  low. 
1515  Initiated  shutdown  procedure  in  the  200 

area  in  order  to  check  out  CD-206. 
System  depressured. 
Started  pressuring  up  the  system. 
NOTE:   Inspection  of  line  CD-206  revealed 
the  presence  of  some  agglomerated  solids. 
System  up  to  pressure  and  starting  the 
static  pressure  test. 

Finished  the  static  pressure  test.  Started 
J-309  compressor. 
Started  all  recycle  compressors. 
Heaters  lit.   "A"  and  "B"  gas  dryers  placed 
on  line. 
2130  "B"  gas  dryer  removed  from  service  and 

placed  on  air  to  bring  down  the  dew  point. 
%.  Started  grinding  lignite  to  the  preheater. 

'^!}^         ???5  "^"  ^^^  dryer  placed  back  on  line. 

"  Introduced  air  into  the  regenerator  ring. 

High  differential  pressure  on  the  roller 
mill,  stopped  lignite  feed. 
0310  Baghouse  temperature  increasing  rapidly. 

0345  Baghouse  temperature  still  high. 

Started  filling  the  gasifier  with  dead- 
burned  dolomite  via  F-204A. 
Roller  mill  cleaned  out  and  cooling  the 
grinding  system  down  for  maintenance. 
NOTE:   Inspection  of  the  baghouse  after 
cooling  down  the  100  area  showed  that  the 
bags  were  burned  up. 
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7/18 

0530 

ir 

1320 

M 

1430 

T? 

1615 

»i 

1830 

It 

1900 

0030 
0230 


0720 
0730 


Hours 

Date 

Time 
0930 

Run 

7/19 

M 

0935 

II 

1645 

II 

1815 

M 

2005 

II 

2100 

II 

2200 

7/20 


7/21 


0110 


0200 
0251 

0720 


1130 


II 

1240 

II 

1915 

II 

1925 

2210 


2355 
2358 

0245 


0615 

1230 

1235 

1236 

1330 

1605 

1615 


16.3 


Description 

Transferred  a  batch  of  dead-burned  dolomite 
from  the  gasifier  to  the  regenerator. 
Started  feeding  dead-burned  dolomite  to  the 
regenerator  via  L-204. 
Initiated  solids  circulation. 
Started  solids  circulation  tests. 
Finished  solids  circulation  tests.   Started 
gas  circulation  tests. 
Zinc  oxide  unit  placed  on  line. 
Gas  flow  tests  completed,  reestablished 
solids  circulation. 

Started  reducing  the  air  flow  to  the  regen- 
erator. Started  reducing  the  temperature 
of  the  gasifier  boot  heaters. 
Introduced  steam  to  the  gasifier  side. 
Started  adding  char  to  the  gasifier  via 
F-204A. 

Started  air  addition  to  the  gasifier. 
NOTE:   Adding  char  at  minimum  RPM  until  the 
100  area  is  received  back  from  maintenance. 
100  area  repaired,  starting  to  grind  char. 
NOTE:   Baghouse  bags  and  hoses  all  replaced 
and  various  air  leaks  repaired. 
Introduced  steam  to  the  gasifier  boot  flow. 
Started  char  transfer  to  the  regenerator. 
Started  auxiliary  char  feed  to  the  regen- 
erator at  minimum  RPM, 

Finished  grinding  char,  attempted  to  grind 
lignite. 

NOTE:   Found  the  feeder  below  the  lignite 
cyclone  not  operating. 
Regenerator  at  1800°F. 
Cyclone  feeder  repaired  and  starting  to 
grind  lignite  to  the  preheat er. 
Experienced  trouble  with  the  lignite  scalping 
screen  and  shut  down  the  100  area  for  main- 
tenance. 

Began  feedling  lignite  to  the  gasifier. 
Lost  lignite  feed  to  the  gasifier. 
Lost  fuel  char  transfer. 
Regained  lignite  feed. 
Fuel  char  transfer  improving. 
Experiencing  high  exit  gas  temperature  in 
the  regenerator. 
Regenerator  bed  slumped. 

NOTE:  During  the  high  temperature  period, 
the  recycle  gas  was  removed  from  the 
regenerator  ring  flow  and  the  air  was  being 
reduced  when  the  bed  defluidized. 
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Hours 
Date    Time    Run 

7/21    1815 


2130 


7/22 

0420 

.2.3  Run  27C 

7/25 

1050 

ti 

1200 

II 

1500 

II 

1725 

M 

1915 

II 

1920 

II 

2055 

II 

2200 

II 

2210 

II 

2300 

II 

2315 

7/26 


0100 
0700 
1600 
1645 

2000 
2400 


Description 

Began  shutdown  procedure. 
NOTE:   Attempts  to  refluidize  the  regen- 
erator failed  due  to  the  plugging  of  the 
acceptor  lift  line,  CD-208. 
Started  grinding  lignite  for  the  preheater 
in  order  to  check  the  reliability  of  the 
100  area. 
Unit  depressured. 


Started  grinding  char  to  tote  bins  in  the 
100  area. 

Stopped  grinding  char.   Started  grinding 
lignite  to  the  preheater. 
Started  pressuring  up  the  200  area  system 
with  air. 

System  up  to  pressure,  started  static 
pressure  test. 

Finished  grinding  lignite  and  shut  down 
100  area  grinding. 

Finished  the  static  pressure  test.   Depres- 
suring  the  system  to  repair  a  leak. 
Leak  repaired  and  pressuring  up  the  system. 
System  up  to  pressure. 
Started  J-309,  char  lift  line  gas  com- 
pressor and  all  recycle  gas  compressors. 
"A"  and  "B"  gas  dryers  placed  on  line. 
Lit  all  system  heaters. 

NOTE:   B-203,  regenerator  air  heater,  would 
not  fire.  Had  to  jumper  high  temperature 
shutdown  to  start  the  heater.   Heater  on  at 
0030  hours,. 

Gasifier  at  250  F,  starting  the  refrac- 
tory cure  holding  period. 

Finished  temperature  hold  period  and  raising 
the  system  temperature  at  50  F/HR. 
Gasifier  at  700  F  and  starting  the  second 
hold  period. 

Reduced  steam  to  the  preheater  furnace, 
B-102,  in  order  to  relight  it  and  slumped 
the  fluidized  bed. 

Finished  second  temperature  hold  period  and 
raising  the  temperature  at  100°F/HR. 
Preheater  refluidized. 

NOTE:   Had  to  dump  two-thirds  of  the  lignite 
in  the  preheater  in  order  to  refluidize  the 
bed. 
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Date 

Time 

0015 
0200 

Hours 
Run 

7/27 

0350 

0400 

0700 

0745 

Description 

Started  grinding  char  to  tote  bins. 
Started  filling  the  gasifier  boot  with 
dead-burned  dolomite  via  F-204A,  lignite 
feed  lockhopper. 

Transferred  a  batch  of  dead-burned  dolomite 
to  the  regenerator  from  the  gasifier. 
Started  filling  the  regenerator  with  dead- 
burned  dolomite  via  F-106,  fresh  dolomite 
feed  lockhopper. 

Finished  grinding  char  and  started  grinding 
lignite. 

Shut  down  the  100  area  for  maintenance. 
NOTE:  Checked  out  the  baghouse  because 
of  high  differential  pressure.   Bags  looked 
good. 
It      1100  Initiated  solids  circulation, 

n      1300  Started  the  solids  circulation  test. 

II      1455  Finished  the  solids  circulation  test  and 

stopped  circulation.  Started  the  lift 
line  gas  flow  tests. 
11      1500  Lift  line  flow  tests  finished.  Re- 

established solids  circulation. 
Placed  the  ZnO  towers  on  line.  Started 
lowering  the  gasifier  boot  heater  tempera- 
tures. Started  removing  air  from  the 
gasifier.   Began  gas  flow  tests  through 
the  Elliott  test  turbine. 
II      1915  Initiated  steam  to  the  gasifier  side  flow. 

II      1920  Started  feeding  char  to  the  gasifier  via 

F-204A. 
II     2225  Started  air  addition  to  the  gasifier  side 

flow. 
7/28    0015  Started  air  addition  to  the  regenerator 

ring  flow.  Started  reducing  the  regen- 
erator heater  temperatures. 
II      0335  Began  steam  addition  to  the  gasifier  boot 

flow.  Started  increasing  the  gasifier 
boot  heater  temperatures. 
II      0425  Initiated  fuel  char  transfer. 

0435  Initiated  auxiliary  char  feed. 

NOTE:  Had  to  increase  auxiliary  char 
feed  immediately  because  of  problems 
with  the  char  transfer  line. 
0630  Char  transfer  and  char  removal  system 

smoothing  out.  The  char  transfer  control 
valve  lost  air  signal,  signal  returned 
after  5  minutes.   Instrument  technician 
checking  it  out.  Electrical  malfunction 
in  control  room  panel  caused  emergency 
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II 


Hours 
Date   Time     Run 


7/28   0630 


7/29 

0350 

II 

0940-1105 

II 

1600 

II 

1655 

II 

1830 

II 

1920 

11 

1930 

7/30 


2200 

0015 

0530 

1000 

1115 
1130 

1137 

1145 

1455 

1540 

2025 
2130 
2140 

2220 

2255 


Description 

valves  controlling  flows  to  regenerator 
lift  heater  (EHS-2041),  acceptor  transfer 
from  gasifier  (EHS-2003)  and  gasifier  side 
flow  (EHS-2013)  to  close.   The  engager 
pot  became  plugged  due  to  the  loss  of 
lift  line  gas.   Initiated  shutdown 
procedures. 
System  depressured. 

Ran  a  series  of  lift  line  gas  flow  tests 
to  be  positive  the  lift  line  is  clear. 
Started  pressuring  up  the  system  with  air. 
System  up  to  pressure,  started  the  static 
pressure  tests. 

Began  grinding  lignite  for  the  preheater. 
Finished  the  static  pressure  tests. 
Began  recording  the  pressure  drops  across 
the  heaters. 

Finished  recording  the  heater  pressure  drops. 
Stopped  grinding  lignite  due  to  a  high 
baghouse  dP.   Lit  the  process  heaters. 
Baghouse  dP  back  down,  started  grinding 
lignite  again. 

Stopped  grinding  lignite  due  to  an  over- 
loaded scalping  screen. 

Started  dead-burned  dolomite  addition  to  the 
gasifier  via  F-204A 

Started  grinding  lignite  for  the  preheater 
Transferred  a  batch  of  dead-burned  dolomite 
to  the  regenerator  from  the  gasifier. 
Started  dead-burned  dolomite  to  the  regen- 
erator via  F-206. 

Experiencing  trouble  with  the  lignite  dryer 
furnace. 

Stopped  the  dead-burned  dolomite  addition 
to  the  regenerator  in  order  to  repair 
F-206A,  low  level  alarm. 
Resumed  dead-burned  dolomite  addition  to 
the  regenerator. 

Initiated  dead-burned  dolomite  circulation. 
Started  the  solids  circulation  tests. 
Circulation  tests  finished.   Placed  ZnO  on 
line. 

Initiated  steam  addition  to  the  gasifier 
side  flow. 

Started  char  addition  to  the  gasifier  via 
F-204A. 

NOTE;   Lost  interface  immediately  due  to 
a  high  boot  flow.  Reduced  the  flow  and 
allowed  the  bed  to  strip  the  char. 
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II 

1100 

II 

1522 

II 

1835 

8/1 

0800 

II 

1300 

II 

1315 

II 

1347 

II 

1529 

M 

1610 

II 

2000 

II 

2045 

Hours 
Date    Time      Run  Description 

7/31    0210  Introduced  air  to  the  gasifier  side  flow. 

"      0500  Started  steam  addition  to  the  gasifier 

boot  flow.   Started  increasing  the  gasi- 
fier boot  heater  temperature. 

"      0832  Started  fuel  char  transfer  to  the 

regenerator. 
0        Regenerator  at  1800°F. 

Experienced  a  power  dip;  however,  it  was 
not  long  enough  to  cause  any  problems. 
Initiated  lignite  feed  to  the  gasifier. 
Lost  auxiliary  char  due  to  the  inability 
to  fill  auxiliary  char  lockhopper,  F-226B. 
26        Started  feeding  fresh  6X9  dolomite  to 
the  system. 

Experienced  trouble  getting  L-207A,  lig- 
nite feeder,  to  operate. 
Auxiliary  char  back  on  line. 
Had  to  stop  lignite  grinding  due  to  high 
baghouse  dP. 

Started  grinding  lignite  again. 
Began  removing  air  from  the  gasifier. 
Lost  lignite  feed  and  experienced  a  pressure 
bounce  in  the  gasifier  which  caused  the 
loss  of  the  fuel  char  transfer. 
NOTE :   Auxiliary  char  feed  did  not  work, 
had  to  put  methane  into  the  regenerator 
for  a  short  time. 

"      2100  Situation  slowly  improving. 

"      2245  System  back  on  line. 

8/2     0130  Grinding  lignite  again. 

"    0820-2000  Found  the  tachometer  on  F-207A  is  not 

working  correctly,  electrician  cannot 
fix  it.  Experienced  continuous  trouble  with 
the  auxiliary  char  feed.  Also  having 
trouble  with  high  pressure  drops  across  the 
lignite  baghouse.  Frequent  shutdowns  in 
grinding  are  required  in  order  to  allow 
the  bags  to  clean  themselves  up. 
57.5      Air  entirely  out  of  the  gasifier  side  flow. 
Slowly  reducing  the  auxiliary  char  feed  to 
to  minimum  RPM. 

Increasing  acceptor  circulation. 
Small  pressure  upset  occurred  while  rodding 
out  the  gasifier  venturi . 
0500  Increasing  the  auxiliary  char  because  valve 

LCV-2002  (char  to  regenerator)  is  fully 
open. 
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II 

2030 

II 

2300 

8/3 

0215 

II 

0230 

Date 


8/3 


8/5 


Time 


0530 


Hours 
Run 


It 

1410 

II 

1430 

II 

1445 

75.5 


1507 


/4 

1135 

11 

1312 

II 

1345 

II 

1355 

II 

1508 

II 

1600 

II 

1730 

101 


II 

1740 

II 

2020 

II 

2030 

2100 


0015 


0115 


II 

0140 

II 

0625 

II 

0750 

II 

1238 

II 

1405 

Description 

Experienced  another  pressure  bounce  when 

the  gasifier  venturi  momentarily  plugged. 

F-206A  taken  out  of  service  for  maintenance. 

F-204A  taken  out  of  service  for  maintenance. 

F-206A  back  on  line. 

NOTE:  Maintenance  worked  on  the  low  level 

alarm. 

F-204A  back  in  service. 

NOTE;  Replaced  the  ball  and  seat  on 

XCV-2089. 

Increased  the  recycle  flow  to  the  gasifier 

boot. 

Experienced  a  high  char  bed  density  in  the 

gasifier  bed.  Reduced  the  circulation 

rate  in  order  to  decrease  the  density. 

Introduced  air  into  the  gasifier  side  flow. 

Cannot  raise  or  lower  the  RPM's  on  L-207A 

(lignite  feeder) , 

Finished  grinding  lignite. 

L~207A  repaired  by  maintenance. 

Decreased  the  gasifier  boot  flow,  increased 

the  char  withdrawal  rate,  and  decreased 

acceptor  circulation  to  reduce  char  bed 

density  in  the  gasifier. 

Gasifier  bed  density  decreasing. 

Started  grinding  char  to  tote  bins. 

Gasifier  bed  density  at  37  LBS/CU  FT, 

decreased  the  char  withdrawal  rate. 

Lost  6X9  dolomite  makeup  to  the  system. 

NOTE:   The  low  level  alarm  on  F-206A  did 

not  work. 

LCV-2002  (Fuel  char  to  regenerator)  air 

loading  indicated  that  the  valve  was 

closed;  however,  no  reduction  of  char  flow. 

Stopped  the  auxiliary  char  feed  and  was 

able  to  control  the  regenerator  CO  and 

temperature  with  LCV-2002. 

Auxiliary  char  feedback  on  at  minimum  RPM. 

Increased  acceptor  circulation  slightly. 

Fluidizing  the  preheater  totally  with 

steam.   Preheater  furnace  air  compressor 

shut  down  for  maintenance. 

Increased  char  withdrawal  slightly. 

Placed  the  preheater  furnace  back  on  line. 
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II 

1800 

8/6 

0310 

ti 

0430 

II 

0830 

11 

1010 

n 

1308 

8/7 

0920 

Hours 
Date    Time      Run  Description 

8/5     1600     125        The  spent  acceptor  dump  hopper,  F-213,  has 

plugged  off  several  times  during  the  day. 

Cleared  it  each  time  by  depressuring 

F-213  to  100  PSIG  and  then  quickly  opening 

the  valve. 

Reduced  char  removal  rate  slightly. 

Experienced  trouble  with  F-207A  feeder. 

Bypassed  the  automatic  controls,  ran  the 

feeder  in  hand  position. 

F-207A  feeder  now  working  in  automatic  position. 
141        LCV-3010,  gasifier  quench  tower  level 

control  valve,  repaired  by  maintenance. 

Reduced  char  withdrawal  rate. 

Upset  the  gasifier  boot  while  placing  "A" 

ZnO  tower  on  line.  Valved  the  tower  out 

of  service  again. 

Fuel  char  transfer  unstable. 

NOTE;   Blocked  F-226A  from  the  system  and 

char  transfer  lined  out. 
1130     168.5      Started  reducing  the  amount  of  air  to  the 

gasifier  side  flow.   Increasing  auxiliary 

char  feed  and  decreasing  lignite  feed. 

Decreased  auxiliary  char  feed  in  order  to 

have  LCV-2002  on  control. 

Lost  fuel  char  transfer  suddenly  without 

apparent  cause.   Increased  auxiliary  char 

feed. 

Regained  fuel  char  transfer,  reduced 

auxiliary  char  feed. 

Stopped  grinding  lignite  in  order  to  clean 

the  baghouse . 

NOTE:   Attempted  to  start  grinding  again 

and  found  that  the  lignite  cyclone, 

L-109-L5,  rupture  disc  was  blown. 
"      0925  Repaired  the  rupture  disc  and  grinding 

again. 
"      1030     191.5      Line  to  F-213  plugged  several  times.  Over- 
pressured  F-213  in  order  to  break  the 

restriction. 
8/9     0830  Hot  spot  found  on  the  acceptor  lift  line 

on  the  third  floor. 
"      1045  Introduced  CO  to  the  gasifier  boot  flow. 

Started  increasing  steam  to  the  gasifier 

boot  flow  and  reducing  recycle  gas. 
"      1305  All  recycle  out  of  the  gasifier  boot,  100 

percent  steam.  Started  decreasing  air 

flow  to  the  gasifier. 
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II 

1915 

II 

2400 

8/8 

0100 

II 

0630 

Hours 
Date    Time     Run  Description 

8/9     1400     219        Air  injection  to  gasifier  stopped. 
"      1725  Lost  auxiliary  char  feed  for  approximately 

5  minutes. 
"      2300  Lost  auxiliary  char  feed  again  for  10 

minutes. 
8/10    0130  Lost  auxiliary  char  feed  again. 

NOTE:   Increased  purge  below  the  feeder 

and  the  char  flow  stabilized. 
"      0515  Major  upset  occurred  when  the  gasifier 

quench  tower  level  controller  stuck  open 

and  the  water  level  became  low. 
"      0555  Plant  operation  stabilizing  after  upset. 

"      0625  Lost  lignite  feed  for  a  short  period 

when  the  feeder  stopped.  Feeder  stopped 

for  4  minutes. 
"    0700-1000  Worked  on  the  gasifier  quench  tower  level 

controller.   System  operation  back  to 

normal.   Increased  acceptor  circulation 

slightly  in  order  to  raise  the  gasifier 

bed  temperature. 
"      1410     243.2       Boiler  shut  down,  lost  steam  flow  to  the 

gasifier.   Immediately  started  recycle 

gas  to  the  gasifier,  however,  the  bed 

defluidized.   Loss  of  preheater  steam  was 

partially  compensated  for  by  increasing 

the  load  on  the  preheater  furnace.   The 

bed  slumped  but  was  refluidized  when  steam 

became  available. 
"      1500  Started  dumping  the  gasifier  contents  to 

F-213. 
"      2100  Gasifier  empty,  placed  "A"  ZnO  tower 

on  line.   Increased  air  to  the  regenerator. 
"      2105  Introduced  1,000  pounds  of  dead -burned 

dolomite  to  the  gasifier  boot. 

Initiated  acceptor  circulation. 

Started  acceptor  circulation  tests. 

Finished  circulation  tests.  Stopped  acceptor 

circulation. 
8/11    0340  Started  acceptor  circulation.   Introduced 

steam  to  the  gasifier  side  flow. 
"      0350  Stopped  solids  circulation. 

"      0410  Started  solids  circulation.   Started  adding 

char  to  the  gasifier. 
"      0420  Stopped  solids  circulation  in  order  to 

establish  the  interface. 


It 

2125 

II 

2320 

It 

2400 
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Date 


8/11 


It 

8/12 


Time 


0600 


Hours 
Run 


0725 

0745 

0940 

1140 

1215 

1300 

1600 

1650 

1815 
0550 


Description 

Interface  established,  started  acceptor 
circulation. 

Started  air  flow  to  the  gasifier  side  flow. 
Started  dolomite  makeup  to  the  regenerator. 
Placed  the  char  removal  system  on  line. 
Started  fuel  char  transfer,  started  auxil- 
iary char  at  minimum  RPM. 
Lost  fuel  char  transfer. 
Stopped  acceptor  makeup. 
Started  acceptor  makeup. 

Shut  LCV-2002,  but  solids  flow  through  the 
valve  continued.  Lost  the  seal  on  the  valve 
and  emptied  the  line.  Cut  air  to  the 
regenerator  and  reduced  acceptor  circulation, 
Initiated  shutdown  procedure. 
Unit  depressured. 


290 


RESULTS  AND  DISCUSSION 


4.1    BACKGROUND 

The  primary  objectives  of  the  Run  27  series  were  to  obtain  heat 
and  material  balance  data  with  100  percent  steam  flow  to  the  gasifier 
and  for  a  30  day  run. 

Runs  27A  and  27B  were  interrupted  early  in  the  startup.   Seven 
hours  after  initiating  fresh  acceptor  feed  in  Run  27A,  an  off-site 
electrical  power  interruption  defluidized  the  gasifier  and  regenerator 
beds  and  plugged  the  acceptor  lift  line.  The  run  was  terminated  when 
the  acceptor  lift  line  could  not  be  cleared  after  power  was  restored. 
Run  273  was  also  terminated  early  in  the  startup  due  to  defluidization 
of  the  regenerator  bed  and  plugging  of  the  acceptor  lift  line.  Regen- 
erator recycle  gas  flow  adjustments  were  being  made  at  the  time  in  an 
attempt  to  attain  a  more  acceptable  regenerator  temperature  profile. 
Since  the  acceptor  lift  line  could  not  be  cleared,  the  run  was  ended. 

Although  none  of  the  runs  in  the  Run  27  series  achieved  the 
stated  objectives,  Run  27C  was  the  most  successful.   Prior  to  the  run 
some  recycle  gas  had  always  been  fed  to  the  gasifier  boot  to  insure  that 
acceptor  agglomeration  due  to  the  formation  of  CaCO_,  CaO  melts  would 
not  occur.  Run  27C  clearly  demonstrated  that  this  was  unnecessary  and 
that  for  the  normal  operating  temperatures  and  pressures  of  the  CO^  Acceptor 
Process  pure  steam  could  be  used  to  fluidize  both  the  gasifier  char  bed 
and  the  collected  acceptor  in  the  gasifier  boot.  During  the  run,  plant 
operation  was  stable  for  ten  days.  However,  small  variations  in  the  steam 
boiler  pressure  caused  fluctuations  in  the  gasifier  boot  flow.  While 
attempts  were  being  made  to  stabilize  the  plant  boiler  controls  to  eliminate 
a  5  PSI  pressure  swing,  the  boiler  shut  down.  When  an  acceptable  char- 
acceptor  interface  could  not  be  regained,  the  gasifier  inventory  was 
dumped.  A  char  bed  was  then  reestablished  in  the  gasifier.  Char  combus- 
tion was  restarted  in  the  regenerator.  However,  fuel  char  transfer  could 
not  be  reliably  controlled.  The  decision  was  then  made  to  proceed 
with  an  orderly  shutdown.  The  following  inspection  revealed  that  the 
control  valve  butterfly  had  separated  from  the  shaft. 

After  Run  26  and  before  Run  27C,  no  major  changes  were  made  to 
the  process.  Several  minor  changes  were  made,  however. 

In  order  to  establish  greater  reliability  in  the  control  of 
the  acceptor-char  interface  in  the  gasifier  boot,  two  modifications 
were  made.  As  shown  in  Figure  27-l(a),  the  original  control  scheme  is 
sensitive  to  three  purge  taps.   If  any  one  of  the  three  becomes  plugged, 
the  automatic  control  fails.   In  addition,  the  level  of  the  interface 
becomes  unknown.  Currently,  (Figure  27-1  (b))  the  control  is  sensitive 
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to  only  two  purge  taps.  In  addition,  the  installation  of  two  more 
transmitter  recorders,  dPT-2011  and  dPT-2112,  over  the  boot  region 
permit  a  check  on  purge  tap  plugging  and,  more  importantly,  permit 
manual  interface  control  in  the  event  of  a  tap  plug. 

The  control  circuit  on  valves  XCV-2010  (regenerator  lift  line), 
LCV-2003  (acceptor  transfer  from  gasif ier) ,  LCV-2002  (char  transfer) , 
and  TCV-2030  (acceptor  transfer  from  regenerator) ,  and  L-204  (makeup 
acceptor  feeder)  was  modified  to  close  the  valves  and  stop  the  feeder  in 
the  event  of  a  power  interruption  lasting  longer  than  two  seconds. 
Additionally,  this  can  be  done  manually  via  a  switch  in  the  control 
room.  This  closed  condition  continued  until  manually  overridden.  Thus, 
in  the  event  of  a  power  interruption,  these  valves  will  remain  closed 
and  the  feeder  off  until  gas  flows  have  been  reestablished.  The  engager 
pots  and  lift  lines  will  not  plug  with  solids  since  XCV-2010,  LCV-2002 
and  LCV-2003  will  be  closed.   Closing  TCV-2030  will  maintain  the  seal 
between  the  regenerator  and  the  gasif ier  and  will  also  prevent  acceptor 
from  accumulating  in  the  gasif ier  char  bed. 

4.2    ACCOMPLISHMENTS 

4.2.1  Major  Operational  Achievements 

The  plant  operation  for  Run  27  is  summarized  below: 

Continuous   Fresh    Without  Without 
Process   Lignite  Acceptor   Acceptor  Gasifier  Gasifier 
Run  Conditions  Feed   Circulation  Makeup    Air     Recycle 

27A      50       44       66        7       - 

27B      16       8       38        -       - 

27C     243      236       256       217       65       25 

As  this  summary  shows.  Run  27C  was  very  successful.   Over  ten 
days  at  process  conditions  were  achieved  with  65  hours  without  air  and 
25  hours  with  100  percent  steam  to  the  gasifier.  No  adverse  effects 
were  observed  by  operating  with  only  steam  to  the  gasifier.  The  heating 
value  of  the  synthesis  gas  produced  during  this  period  was  358  BTU/SCF. 

4.2.2  Plant  Data 

Tables  27-1  through  27-6  summarize  the  plant  data  for  each  of 
the  three  runs.  Process  operating  conditions  are  shown  in  Tables  27-1 
through  27-6.  Analyses  of  typical  feedstocks  are  presented  in  Table 
27-7,  while  analyses  of  circulated,  purged  and  effluent  solids  are  pre- 
sented in  Tables  27-8  through  27-24.   Table  27-25  contains  the  pressure 
balance  data  for  Run  27C. 
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Trace  element  analyses  and  heat  and  material  balances  for  Run  27C 
will  be  issued  separately. 

4.2.3  Gasifier  Char  Bed 

A  new  char  sample  tap  was  installed  in  the  middle  of  the  gasifier 
transition  section.  During  Run  27C  samples  were  collected  routinely 
from  this  tap  and  the  standard  tap  12-3/4  feet  higher  in  the  gasifier 
bed.  The  percent  char  and  the  percent  -20  mesh  acceptor  for  these 
samples  are  plotted  in  Figures  27-2  and  27-3.  These  figures  show  no 
significant  difference  between  the  compositions.  The  comparison  demon- 
strates that  the  gasifier  char  bed  is  relatively  homogeneous. 

4.2.4  Problems 

(1)  Gasifier  quench.  The  gasifier  quench  continued  to  be  a  source  of 
problems.  Continuous  rodding  (manual  removal  of  solids  buildup) 
was  necessary  during  all  of  the  runs  to  maintain  a  low  pressure 
drop  across  the  venturi  at  the  quench  tower  inlet.  The  addition 
of  Betz  403,  a  dispersing  agent,  and  Betz  429,  a  surfactant,  re- 
duced the  hardness  of  the  deposits  but  did  not  prevent  the  solids 
buildup. 

Run  27C  exhibited  a  considerable  improvement  over  earlier 
runs.  For  example,  during  Run  27A  the  venturi  was  essentially 
plugged  off  with  large  deposits  downstream  of  the  throat.  Water 
had  been  injected  only  at  the  throat.  However,  in  Run  27C  water 
was  also  injected  in  the  diverging  section.  This  addition  kept 
the  downstream  piping  cleaner. 

(2)  Acceptor  lift  line.  The  hard  Stellite  surfacing  of  the  acceptor 
lift  line  cones  showed  extensive  wear  after  both  Runs  27A  and 
27C.   In  both  cases  the  Stellite  was  worn  away  and  the  base  metal 
had  been  eroded.  Also  during  Run  27C,  slight  misalignment  of  the 
lift  line  eroded  holes  above  one  of  the  cones.  This  section  of 
line  had  been  service  less  than  16  days  before  wearing  through. 
After  Run  27C  the  cones  were  encased  in  2  inches  of  Resco  AA-22, 
a  castable  refractory.  The  refractory  encasement  was  used  as  a 
possible  means  of  providing  an  erosion  resistant  backing  to  the 
slip  joints. 

(3)  Gasifier  boot.  Since  its  use  as  a  startup  material  was  initiated 
in  Run  16,  dead-burned  dolomite  deposits  have  periodically  formed 
in  the  gasifier  boot.  While  the  bubble  cap  distributor  installed 
after  Run  228  reduced  the  severity  of  the  problem,  it  did  not 
eliminate  it.  Maintaining  a  high  boot  flow  along  with  uniform 
gas  distribution  appears  to  have  solved  tho  problem. 
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During  Runs  27B  and  27C,  the  gasifier  boot  remained 
clean.  Examination  of  the  boot  at  shutdown  showed  only  loose 
material.  These  runs  were  characterized  by  the  use  of  high  boot 
flows. 

(4)    Intermediate  fines.  The  ability  to  control  the  buildup  of  inter- 
mediate fines  (refer  to  Runs  22A,  22B,  22C  and  23  report)  via  the 
char  removal  system  was  confirmed  during  Run  27C.  As  shown  in 
Figure  27-4,  the  total  pounds  of  this  material  remained  relatively 
constant.   In  addition,  the  technique  of  controlling  the  dif- 
ferential pressure  across  the  upper  portion  of  the  fuel  char 
standleg  permitted  continuous  fuel  char  feed. 
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FUTURE  PLANS 


The  objectives  for  Run  28  are  similar  to  those  of  Run  27.  The 
primary  objective  will  be  a  long  steady-state  balance  period  with  no 
air  and  no  recycle  flow  to  the  gasifier.  The  solid  feeds  will  con- 
sist of  Minnekahta  limestone  quarried  in  Rapid  City  and  Velva  lignite, 
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Cb) 


Figure  27-1. 


SCHEMATIC  OF  GASIFIER  BOOT  AP  INSTRUMENTATION 
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Date 


Time 


Jacket  Steam  Make,  Ib/hr 


(1) 


Solids 

Feeds  tock 

Feed  Rate,  Ib/hr' 

Char  Dump,  Ib/hr 

Dump  Acceptor,  Ib/hr 

Gasifier  Overhead  Solids,  Ib/hr 

(2) 
Gas  Flows  ^^ 

Boot  (Recycle),  SCFH 

Boot  (Steam),  SCFH 

CO^  to  Boot,  SCFH 

Steam  to  Side,  SCFH 

Air  to  Side,  SCFH 

Purges 

Recycle,  SCFH 

Inert,  SCFH 
Total  Flow  In,  SCFH 
Vent  Rate,  SCFH 

Bed  Conditions 

Boot  Velocity,  ft/sec 

Char  Bed  Velocity,  Inlet,  ft/sec 

Boot  Density,  lb/ft3(3) 

Char  Bed  Density,  Ib/ft^^^) 

Boot  Temperature,  °F 

Char  Bed  Temperature,  °F 

Overhead  Gas  Composition,  Mol  7„ 
CO 
CO2 

^2 

"2 

CH. 


7/20 

^^—  7/21  — ^- 

2300 

0700        1500 

0 

0          0 

Char 

Velva  Lignite 

1,150 

1,620       1,840 

130 


26,410 

25,360 

22,800 

17,940 

19,260 

20,880 

0 

0 

0 

30,220 

30,190 

30,750 

19,000 

20,840 

20,660 

4,240 

4,410 

4,300 

230 

230 

230 

98,040 

100,290 

99,620 

52,690 

65,870 

67,490 

2.18 

2.21 

2.23 

0.94 

0.98 

0.99 

108 

108 

106 

42 

41 

33 

1418 

1488 

1471 

1414 

1478 

1465 

11.2 

17.4 

17.2 

11.7 

13.6 

18.6 

35.6 

27.9 

22.8 

31.5 

35.0 

34.7 

4.4 

6.1 

6.7 

H^O  Mol  Fraction^^^ 


29.6 


21.1 


26.3 


^2)Determined  by  feeder  rpm,  rpm.425 

(3)Determined  by  orifice  flow  meter  measurements 

(^.Determined  by  differential  pressure  measurements 

Calculated  by  water  gas  shift  equilibrium 
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Date 

Time 

Jacket  Steam  Make,  Ib/hr 

Solids 

Acceptor  Feedstock    qx 
Acceptor  Makeup,  Ib/hr     /2\ 
Acceptor  Circulation,  Ib/hr     ^-j) 
Ash  and  Attrited  Acceptor,  Ib/hr 
Auxiliary  Fuel  Char,  Ib/hr ^^-^ 

Gas  Flows ^ 

Acceptor  Lift,  SCFH 
Char  Lift,  SCFH 
Air  Line 

Recycle,  SCFH 

Air,  SCFH 
Purges 

Recycle,  SCFH 

Nitrogen,  SCFH 
Total  Flow  In,  SCFH 
Vent  Rate,  SCFH 

Bed  Conditions 

Gas  Velocity,  Inlet,  ft/sec 
Bed  Density,  Ib/ft^^^^ 
Average  Bed  Temperature,  °F 

Overhead  Gas  Analysis,  Mol  "L 
O2 
CO 
CO2 
No 


1/10 

-«—  7/21  • 

-^^ 

2300 

0700 

1500 

0 

0 

0 

Dead-Burned  Dolomite 
359        359        359 
3,520     10,840     12,100 
43 


75 


43 
75 


75 


59,350 
9,930 

55,970 
9,970 

55,250 
9,890 

56,680 
51,430 

15,770 
59,720 

15,740 
59,110 

1,810 

2,390 

.81,590 

61,750 

1,810 

2,330 

145,570 

63,700 

1,820 

2,970 

144,780 

65,370 

3.13 

108 

1721 

2.65 

120 

1856 

2.60 

114 

1829 

0.0 
4.14 
17.95 
77.9 

0.0 

3.16 
18.36 
78.49 

0.0 
0.14 
17.55 
82.31 

(1) 


Determined  by  feeder  rpm  -  dead-burned,  rpm-359;  dolomite,  rpm-300; 
.  .auxiliary  fuel,  rpm* 346 
,:;Determined  by  lift  line  pr( 


(3) 


pressure  drop  measurements 


J^Determined  by  weigh  scale  measurements 
J^^Determined  by  orifice  flow  meter  measurements 
^^^Density  indicated  by  pressure  tap  readings 
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Date  — e 7/20  ^-  7/2L 

Time  — ^ 2210  ^^  0100 

Sample  Mix           Acceptor           Mix 

Screen  Size,  Wt  7o 
Tyler  Mesh 

+9  1.0 

9  X  10  1.7                           2.0 

10  X  12  44.1 

12  X  14  22.0            21.1             30.2 

14  X  20  11.4            17.2             14.6 

20  X  28  11.2             1.8             12.5 

28  X  35  14.3            15.0            14.8 

35  X  48  15.2                          13.4 

48  X  65  9.9                            6.6 
65  X  80 

80  X  100  8.3                            4.2 

100  X  200  5.0                           1.5 

-200  0.8                            0.1 

7o  Char  68.47 

7o  Ash  +  SOo  15.65 


Table  27-14.   REGENERATOR  FUEL  CHAR,  RUN  27B 
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Date  --^ 7/20  ^-  7/21 

Time  -^ 2000  ^=-  0400 

Sample  Mix  Acceptor  Mix 


Tr 

0.8 

1.4  1.5 
45.0 

19.0  25.2            24.3 

12.7  18.2            14.2 

14.3  1.7            14.4 

16.2  9.1            15.4 

15.5  14.2 

9.1  7.6 

6.8  5.3 

3.9  2.6 

1.2  0.4 

68.8 
15.48 
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Tyl< 

2r 

Mesh 
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14 
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20 
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28 
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35 

35 

X 

48 

48 

X 

65 

65 

X 

80 

80 

X 

100 

100 

X 

200 

~  i 

>00 

7c  Char 

7o  Ash  +  SO^ 

Table  27-17.   GASIFIER  CHAR  BED  MATERIAL,  RUN  27B 
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Date 

Time 

Screen  Size,  Wt  "k 
Tyler  Mesh 
+60 
60  X  100 
100  X  325 
-325 

Ultimate  Analysis,  Wt  % 
H,0 
C 
H 
S 
Ash  +  SO- 

Elemental  Analysis,  Wt  % 
SiO 
S0„ 
Na  0 


7/4 
Comp. 


1.4 

3.9 

40.5 

54.2 


54.36 
1.32 
1.50 

36.62 


24.55 

10.15 

1.08 


7/5 

Comp. 


1.3 

15.4 
57.3 
26.0 


-  Dry  - 

59.08 

1.30 

1.10 

31.38 


29.48 
8.33 
1.07 


7/6 
Comp, 


1.1 
52.6 

27.5 


62.3 
1.35 
0.83 

28.35 


28.60 
7.20 
1.04 


Table  27-19.   GASIFIER  CHAR  TO  ORGANIC  POND,  RUN  27A 
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Date 

7/21 

Time 

Comp. 

Screen  Size,  Wt  % 

Tyler  Mesh 

+60 

0.4 

60  X  100 

1.7 

100  X  325 

70.6 

-325 

27.3 

Ultimate  Analysis, 

Wt  % 

H2O 

Dry 

C 

58.09 

H 

1.36 

S 

1.56 

Ash  +  SO3 

32.82 

Elemental  AnalysiSj 

,    Wt  % 

Si02 

28.09 

SO  3 

9.82 

Na20 

1.07 

Table  27-20.   GASIFIER  CHAR  TO  ORGANIC  POND,  RUN  27B 

328 


o 

1— < 
00 

i 

, 

ON 

00 

o 

00 

in 
o 

so 

00 

00 


00 

vO 
00 

in 
^^ 

00 
00 

en 
-^ 

00 
00 


00 


o 
a 


a, 
B 
o 


a. 

B 
o 

u 


e 

o 
a 


a. 
£ 
o 


a. 
E 
o 
a 


o 


e 

o 


CJN  vC  C7\  vD 


<r  vf  --^  00 

•J-  csl  fsl 


<r  1^  >3"  in 

•  •  •  • 

^3-  r^  m  00 

^a-  <N  (N 


00  vo  in  .— I 


cN  r-~  .— I  00 

-J-  CN  CN 


\0  vj-  o^  ,— ( 

•    •  •  • 

r^  <l>  00  ON 

<r  <N  ^ 


m  vo  CO  vo 


vO  vO  O  vO 
OO  CO  «N 


<t  ro  v^  00 

•    •    •  • 

O  CN  v£>  O 

r-i  <t  <r 


O  CO  O^  00 


in  00  00  r^ 


^o  r~-  CO  CO 


m  ON  o  >3" 

I— I  cvi  <!•  -— < 


I— I  CM  00  O 


00  r^  in  ON 
CO  <r 


r~-  r-~  cvj  CO 


O  00  r^  CO 

vO  CM 


^  in  sD  -3- 

CO  vO  O  ON 

^  m  CM 


ON 

CO 

rvj 

00 

<r 

O 

r-- 

• 

• 

• 

• 

00 

1— 1 

^-< 

■<r 

in 

CM 

o 

r^ 

00 

NO 

vO 

<r 

o 

1— < 

• 

• 

• 

• 

.— 1 

1 — 1 

.— 1 

00 

n£> 

CN 

On 

o 

in 

in 

1— 1 

<r 

r- 

r~- 

• 

• 

• 

• 

CM 

r-l 

o 

nD 

sO 

eg 

CO 

NO 

o 

r~ 

CN 

<t 

00 

1—1 

• 

• 

• 

• 

CO 

.— 1 

o 

r>- 

vO 

CN 

in 

o 

<r 

vO 

o 

CM 

vO 

CO 

• 

• 

• 

• 

NO 

.—4 

o 

m 

NO 

CM 

<J- 

<J- 

r- 

f— 1 

CO 

nO 

nO 

NO 

• 

• 

• 

• 

vO 

r-l 

O 

vt 

vO 

tN 

00 

r-~ 

00 

00 

<r 

r— 1 

r^ 

CO 

• 

• 

• 

• 

NO 

1— 1 

O 

CO 

vO 

CM 

in 

<f 

00 

00 

00 

CO 

r^ 

CO 

• 

• 

• 

• 

r^ 

1—1 

O 

CM 

nO 

CsJ 

r- 

o^ 

CN 

O 

f— 1 

00 

vO 

• 

• 

• 

• 

NO 

r— 1 

o 

<t 

vO 

CM 

NO 

vO 

CO 

CN 

.—1 

a^ 

00 

ON 

• 

• 

• 

• 

OJ 

o 

o 

r~- 

sO 

CM 

sO 

I— i 

o 

r~~ 

00 

o 

CNI 

nO 

• 

• 

• 

• 

ON 

1— 1 

1— 1 

O 

in 

CO 

in 

CO 

CvJ 

1— 1 

00 

o 

• 

• 

• 

<t 

ON 

1—1 

CM 

est 

vO 

vf 

o 

(VI 

ON 

^  ON  O 


r^ON<NioocOi— i-J^vomin 
cor--ONi— ioncocmi-^sOO 


coNDor--cooO'-iino 
CO  CO  1-* 


-3- 

CO 

ON 

in 

CM 

ON 

• 

• 

• 

ON 

r^ 

o 

CM 

NO 

ON 

CO 

o 

r-l 

,—t 

• 

• 

• 

o 

NO 

r-< 

CO 

(^ 

NO 

r~^ 

CO 

nO 

O 

• 

• 

• 

CN 

—1 

1—1 

CO 

o 

1—1 

00 

<3- 

o 

0^ 

• 

• 

• 

00 

00 

o 

CM 

m 

■<r 

NO 

<f 

in 

On 

00  O 


00 

1—1 

r-- 

r^ 

CM 

ON 

• 

• 

• 

CO 

00 

O 

CM 

00 

1—1 

o 

1—1 

00 

o 

• 

• 

• 

^ 

vO 

1—1 

Csl 

in 

CM 

o 

O 

r^ 

o 

« 

• 

• 

r-- 

ON 

i-H 

CM 

u 

•z 


Q 
O 

u 


o 
o 


CM 


1^ 


CO 


a 
B 
o 
o 


1— I  o  m  CO 


O  CO  00  00 

r^  1—1 


4-1 

OT 

:2 

x: 

1—1 

•> 

V) 

O  m 

CO 

<u 

01 

O   cvi 

c 

N 

S 

1—1    CO 

<; 

•H 

o 

in 

C/3 

S$ 

X    X    CM 

o; 

00 

^ 

c 

•— 1 

O   O     1 

to 

(U 

>% 

NO    o 

B 

0) 

dJ 

01 

H 

1—1 

•H 

J-l 

B 

}-> 

■U 

CO 

•H 

O 

1—1 

o 

H 

CO 

^ 

X   (/) 


w 

>, 

•— ^ 

CO 

d 

CO 

< 

O 

m 

1 — 1 

CO 

+ 

*J 

c 

J=. 

<a 

w 

B 

<: 

0) 

CO   CO 
CM       O  mO  O     <N 

O     CO  c^JO  O  O  O     CN  cmO 
•H  o    <0    CO    bO    CM  cnp-<    oj  -h 


Ui 


329 


Date 

Time 

Screen  Size,  Wt  % 
Tyler  Mesh 
+35 
35  X  48 
48  X  65 
65  X  100 
100  X  200 
200  X  325 
-325 

7o  Calcine  Weight  Change 


7/5 

1730 


7/6 


•55.0 


Elemental 

Ana 

lysis , 

Wt  7, 

Si02 

38.62 

SO3 

12.10 

Na20 

1.02 

CaO 

23.20 

MgO 

8.66 

K2O 

0.04 

P2O5 

0.04 

AI2O3 

9.84 

^^2^3 

6.03 

TiOn 

0.30 

0140 


0830 


1.0 

0.7 

1.1 

15.9 

6.1 

5.4 

28.3 

12.1 

11.4 

24.1 

15.5 

13.0 

15.7 

22.5 

19.6 

5.2 

15.3 

12.7 

9.7 

27.9 

36.7 

•9.5 


38.46 
2.94 
1.27 

29.56 
9.76 
0.05 
0.11 

13.33 
4.45 
0.39 


Table  27-22.   ASH  AND  ATTRITED  ACCEPTOR,  RUN  27A 
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Date  -^ 7/21  ^^ 

Time  0515  0930  2330 

Screen  Size,  Wt  % 
Tyler  Mesh 
+35 
35  X  48 
48  X  65 
65  X  100 
100  X  200 
200  X  325 
-325 

7o  Calcine  Weight  Change  -36.0 

Elemental  Analysis,  Wt  % 

SiO^  37.22 

SO3  5.46 


1.8 

1.0 

14.6 

6.2 

20.4 

11.5 

20.5 

15.8 

14.7 

21.5 

5.5 

11.1 

22.6 

33.0 

Table  27-23.   ASH  AND  ATTRITED  ACCEPTOR,  RUN  27B 
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